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INTRODUCTION 
The nitrogen nutrition of leguminous plants is a subject of con­
siderable interest to scientists as well as of practical importance to 
agriculture. Particular attention has been accorded the problem since the 
discoveries of nitrogen fixation, and the general principles of nitrogen 
nutrition of legumes during the latter part of the nineteenth century. 
Since these discoveriesj a large body of knowledge on the subject has been 
acc\amulated, providing a good understanding of the general fixation 
processes. However, sauce the advent of the use of as a nitrogen 
tracer material, avenues have been opened for the study of phases of the 
subject which were heretofore difficult of investigation. 
In the symbiotic nitrogen fixing processes, the bacteria invade 
the roots of the host plant and cause the formation of nodules. The 
invading bacteria multiply within the ncdules and receive nourishment 
from the host plant. Later, after the nodule has essentially filled with 
bacteria, the nodular tissue becomes necrotic, dies and sloughs off into 
the soil. Other nodules are formed and the cycle continues. 
In the symbiotic association botli the bacteria and the host plant 
benefit. The host plant obtains nitrogen from the association and the 
bacteria receive food matcirial from the host plant. 
Many peculiar regulating factors are involved in the symbiotic 
association. Both host plant and bacteria appear to grow as well with 
the use of inorganic nitrogen as by using the nitrogen frcM the atmos­
phere. Moreover, vAien the host plant is adequately supplied id.th in­
organic nitrogen salts, no nodulation or nitrogen fixation takes place. 
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Normal soils seldom contain enough nitrogen to completely inhibit 
nodulation, but may contain cnouf^h to markedly reduce the amount of 
nitrogen fixed from the atmosphere. An evaluation of the probable extent 
of fixation under normal soil conditions has been the prime objective of 
this study. 
The reduction in symbiotic fixation by the presence of inorganic 
nitrogen was the subject of a previous study (Alios, 1953). Reduction 
in nitrogen fixation was found vfiien ammoniuia nitrogen was supplied to 
the legumes. However, since the applied ammonium was not completely 
recovered in the leguminous cultures, and because the rates of nitrogen 
additions were not high enough to completely inhibit fixation, the inves­
tigation was continued mtli emphasis on determination of the concentrations 
of inorganic nitrogen which completely stops the fixation process. 
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REVIEW OF LITERATURE 
The Effect of Available Nitrogen on Nodulatlon 
and on Nitrogen Fixation 
A nvunber of early investigators reported a decrease in nodulatlon 
with the addition of inorganic nitrogen to nodulated legumes Vines (1868), 
Falamand (190li), Wilson (1917)> Perkins (192U)» Moore (1905) noted fewer 
nodules on the roots of soybeans grown in rich soil than when grown in 
poor soil and Fellers (1918) found that the application of calcium nitrate 
at rates between 100 and 500 pounds per acre to soybeans in a field soil 
to deminish nodulation# Hartwell (1920) reported that sodium nitrate 
applied at rates of 1^0 to U^O pounds per acre reduced the weight of 
nodules produced by soybeans, but resulted in a slight increase in yield. 
Giobel (1926) found soluble inorganic nitrogen to depress nodule develop­
ment in alfalfa and soybeans and concluded that the depressive effect was 
related to the nutrition of the plants. 
lApraan and Blair (1927) on the o-ther hand, found the yield and nitro­
gen content of soybeans to be increased by the application of nitrogen 
fertilizers and concluded that ammonium sulfate and sodium nitrate do not 
depress nodule fomation. 
A diminution of nitrogen fixation from the application of nitrogen 
fertilizer has been reported in several studies Qiobel (1926), Norman 
(19Uli)> Hampton and Albrecht (19UU)» Norman and Krampitz (I9U6), Thornton 
(19U6), Pinck ^  al. (I9I46), Sears and Lynch (195l)> Viets and Crawford 
(19$1), Alios and Bartholomew (1955)* Norman (l9ltU) and Hampton and 
Albrecht (19hli) worked with fertilized uninoculated versus inoculated 
soybeans. The general responses to nitrogen led to the conclusion that 
the behavior of soybeans with respect to nitrogen was much like the be­
havior of non-legumes, 
Norman and Krarapitz (I9U6), Thornton (I9I46) and Alio-- jiiid Bartholomew 
(1955) used tracer nitrogen to determine the relative amounts of nitrogen 
absorbed from free and combined nitrogen when combined nitrogen V7as supplied 
to legumes in various ways and amounts. Increases in inorganic nitrogen 
resulted in decreases in fixation. The inorranic nitrogen in most in­
stances served both to increase growth and to diminish fixation. 
In the work of llorman and Krempitz (I9I46), both ammondum nitrate and 
calcium nitrate were employed as sources of inorganic nitrogen. Although 
both nitrogen sources increased yields of soybeans and diminished fixation, 
a higher percentage of the nitrogen in calciimi nitrate was recovered in 
the plants than v/an the nitrogen in ammonium nitrate. 
In the study of Alios (1955)> exploded venniculite was used as an 
anchor for the roots and also to retain sufficient moisture for growth. 
Nitrogen vzas added as aimonium sulphate at weekly intervals. He found 
that the magnitude of nitrogen fixation was proportional to the total 
growth and nitrogen uptake but that nitrogen fixation decreased and 
absorption of fertilizer nitrogen increased with the jncreases in the 
quantity of available nitrogen. In no instance, however, was fixation 
completely inhibited nor was all of the available nitrogen a1)aorbed by the 
legume plants. The lower rates of nitrogen additions served to increase 
growtli and nitrogen absorption more than they served to diminish nitrogen 
5 
fixation. Higher rates of nitrogen fertilizer had less effect in in­
creasing the yield than the lower rates, but a greater tendency to replace 
the nitrogen fixation processes. 
Complete Inhibition of Fixation 
Complete inhibition of nodule formation, and therefore of fixation, 
as a consequence of the addition of quantities of available nitrogen has 
been represented in a large number of studies. Among the early reports 
are those of Rautenberg and Kuhn (186U), DeVries (1877) and Frank (I879). 
Marchal (I901) concluded that concentrations in excess of 1:10,000 of the 
nitrate salts of potassium, sodium or ammonium would prevent nodulation. 
Falamand (I90li) concluded that the inhibitory concentration of ammonium 
sulfate or potassium nitrate was 1j10,000j that of sodium nitrate or 
ammonium nitrate "was 1j2,OOOj that of calcium nitrate 1$20,000; and that 
of potassium cyanide lil00,000. 
Prucha (1915) found that 0,2$ grams of either ammoniiun chloride or 
potassium nitrate in a 300 gram sample of soil prevented nodule formation 
in peas. To get ihe same results vith calcium nitrate 0.^0 gram of 
nitrogen salt was necessary. 
Working with soybeans grown in solution cultures, Wilson (191?) 
observed that soluble nitrogen compounds reduced the nodule number but 
only partially inhibited nitrogen fixation. 
Moore (190^) stated that alkaline nitrates in a concentration of 
1*10,000 will prevent nodule formation. Hills (1918) found that calcium, 
sodium, ammonium and potassium nitrates in sterilized soils in 
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concentrations up to 25 milligraniB in each 100 graias of soil, stimulated 
the multiplication of nitrogen assimilating bacteria. Above this con­
centration a depressing effect uas observed until the concentration of 
nitrate reached 100 to 1^0 milligrams per 100 grams of soil, above which 
concentration the nitrate appeared to be toxic* 
In studying the effect of fresh clover tops and nitrate nitrogen 
on symbiotic fixation by soybeans and cowpeas, Albrecht (1920) concluded 
that nitrogen fixation will take place in soil containing large amounts 
of nitrogen in the form of either organic matter or as nitrate. He 
concluded that differences of soil niti'ogen content will not affect the 
process of symbiotic nitrogen fixation, 
Perkins (192U) found that the addition of 1000 pounds per acre of 
sodium nitrate would prevent nodule formation on soybeans grown in sand 
culture• 
Fred and Graul (1926) found that 15 milligrams of nitrate nitrogen as 
ammonium nitrate in 100 cubic centimeters of nutrient solution was enough 
to prevent nodule fomation on alfalfa and vetch. The plants were grown 
in sand culture. They concluded, however, that in soil, alfalfa plants 
are still able to form a few nodules in the presence of 30 milligrams of 
nitrogen as sodium nitrate per 100 milliliters of watering solution, 
Ohkawara (1928) tested the influence of sodium, potassium, and cal­
cium nitrates and ammonium sulphate in sand cultures of lupines and 
serradella. From the results it appeared that nodulation was prevented 
by 0,20jC of nitrates but was stimulated by lesser amounts such as 0.02 
or 0,0$%, Ammonium sulphate in 0.10$ concentration was inhibitory and 
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in 0.01 or 0,02% stimulatory, 
Burk and Lineweaver (1930) studied the influence of" fixed nitrogen 
on Azotobacter and foujid that the presence of fixed nitrogen in a con­
centration of 0.50 railligram per 100 cubic centajneters of nutrient solution 
completely inhibited fixation. They also found that the percentage of 
nitrogen in the Aaotobacter cells vras almost the same whether the nitrogen 
supply vjas in the fixed or free state. Their results supported tiie views 
of other workers that nitropen fixation occurs only in the absence of 
enough available fixed nitrogen, 
Wilson, Hull and Burris (I9l.i3) working on the competition between 
free and combined nitrogen in the nutrition of Azotobacter, grew Azotobacter 
vinelandii in a media containing nitrogenous compounds and in an atmosphere 
enriched with isotopic nitrogen. They concluded tliat ammonia or compounds 
which readily release ammonia completely inhibit nitrogen fixation. With 
nitrate, however, tliey round that a period of "adaptation" was necessary, 
otherwise fixation took place. 
The data show that nodulation and consequently nitrogen fixation can 
be completely inliibited by the presence of sufficient Inorganic nitrogen. 
The inhibitory concentrations of inorganic nitrogen have varied among the 
several investigators. The inhibitory effects appear to be dependent up­
on a number of factors including the kind of nitrogen carrier, the nature 
of the host plant for symbiotic fixation, and the general nutritional 
conditions under which the plants and orgQn3.sm3 grow. 
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The Amount of Nitrogen Fixed Symbiotically 
Several factors influence the amount of nitro^n fixed by the symbiotic 
association. Some of the most important factors are the specie of legume, 
the efficiency of the Rhizobia, the nature of the soil aiKi the presence 
of available nitrogen compounds in the soil. 
One of the methods used to determine the amount of nitrogen fixed is 
to take the difference between total nitrogen present in well nodxilated 
and un-nodulated plants. Another method for the estimation of the amount 
of nitrogen fixed symbiotically was suggested by Virtanen and Von Hausen 
(1952). In this method the difference between the amount of nitrogen fixed 
in peas inoculated with an efficient strain and tiiat fixed in peas 
inoculated with an inefficient strain was taken as a measure of fixation. 
Still another method for estimating the amount of nitrogen fixed is by 
the use of isotopic nitrogen, Nl^, This method is especially well 
adapted to the study of the influence of available nitrogen on nitrogen 
fixation. 
A great deal of work has been carried in order to estimate the 
amount of nitrogen fixed symbiotically. An extensive review up to 
1932 was made by Fred, Baldwin and McCoy (1932). 
Hopkins (1910) suggested that well nodulated leguminous plants would 
get 2/3 of their nitrogen needs from the fixation of molecular nitrogen 
and about 1/3 from soil nitrogen# 
After a two year field study Lyon and Bizzell (193U) estimated the 
amount of nitrogen fixed by various leguminous crops* Part of their 
data is reproduced in Table 1« 
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Table 1. The amount of nitrogen fixed by leguminous crops,* 
Crop Apparent nitrogen fixation 
lb5«/a./year 
Alfalfa 2U1 
Bed clover 1U6 
Alsike 136 
Soybeans 102 
Hairy vetch 6$ 
Field beans 57 
Field peas Ii6 
Non-legume crop barley, rye, or oats each year 17 
Alfalfa continuously 286 
*From Lyon and Bizzell {I93li) 
From a greenhouse study, Noman and Krarapitz {19U6) estimated that 
soybeans grown under conditions and soils of Iowa, would not fix more 
than 2? to 3052 of their total nitrogen content# 
Pinck et al., (19U6) reported that soybeans can fix up to l6$ pounds 
of nitrogen per acre* This estimation was obtained by subtracting the 
total nitrogon of Sudan grass from that of a soybean crop plus that in a 
residual crop of Sudan grass. They alesumed that the nitrogen which re­
mained in the root residues was the same for Sudan grass and soybeans* 
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Their data suegest that nltropen fixation by soybeans is favored by a 
low level of soil nitrogen. 
From a survey of greenhouse data, Erdman (l^ hG) concluded that 
alfalfa, svieet clover, red clover, and soybeans would fix 100, 117, ^ 9, 
and 63 pounds of nitroren per acre per year respectively., 
Thompson (19h9) estimated the amount of free nitrogen fixed by 
leguminous crops grown in Iowa by assuming that the amount of nitrogen 
fixed from the air was equal to the amount of total nitrogen contained 
in the above-ground yield. VJith soybeans he concluded that the amount of 
nitrogen fixed was equal to the total nitrogen content of the seed yield, 
Frouj his calculations he concluded that there would normally be fixed about 
150 pounds of nitrogen for a 3 ton of alfalfa yield, 12$ pounds for 2|-
tons of sweet clover, 100 pouriisfor 2 tons of red clover and 70 pounds 
for 18 bushels of soybeans. 
Virtanen and Von Hausen (1952), using their method for determining the 
amount of nitrogen fixed by the peaa, found that about $7 pounds of nitro­
gen per acre could be fixsd. Because their experiment was conducted under 
artificial light in a greenhouse, they concluded that tinder normal light 
the amount of nitrofren fixed would be over 88 pounds per acre annually. 
Alios and Bartholomew (1955) concluded that not more than 60^  of 
the nitrogen absorbed by soybean plants could ccsne from the air and that 
about 50^ 0 fixation is reasonable under average conditions. Their figures 
were as follows! 85 pounds of nitrogen per acre fixed from the air for 
a IjO bushels per acr/ yieldj 65 pounds for 30 bushels per acre per year; 
and, Uo pounds for a 20 bushels per acre yield. During the first season 
perhaps not more than about UO^  of the nitrogen in alfalfa and 
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lespedessa vould ccsne from fixation, and only about 20% In Ladlno clover 
and birdsfoot trefoil. 
Legume-grass Associations 
It has been claimed for a long time that grasses benefit by growing 
in association viith legumes, whether grown together or included in a 
rotation system. The early farmers of China and Japan, according to King 
(1911), practiced a multiple cropping system, which was to grow a 
leguminous crop such as alfalfa or soybeans in alternate rows with barley, 
raillet, or corn. Their practice was not based on scientific investigations, 
but apparently the early farmers recognized the value of such practices. 
Probably, the earliest eaqplanation for the profitable effect was 
given by Johnston (18^3)5 
Why mixed crops grow well together. If two crops of unlike 
kinds be sown together, their roots suck in the inorganic sub­
stances in different proportions - the more potash and phosphoric 
acid perhaps - the other more lime, magnesia, or sllicao Thus 
they interfere.less with each other than plants of the same kind 
do - which require the same kind of food in nearly the same pro­
portions. 
Or the two kinds of crops grown with different degrees of 
rapidity, or at different periods of the yearj and thus, while 
the roots of the one are busy drawing in supplies of inorganic 
nourishment, those of the other are comparatively idlej and thus 
the soil is able abundantly to supply the wants of each as its 
time of need arrives. 
Wilson (19I4O) attributed this benefit to the sloughing-off of nodules 
and roots and stimulation of the soil microorganisms, rather than to the 
excretion of nitrogenous ccsnpounds from the legume roots, although 
Virtanen (1928) stated that such benefit is due to the excretion of 
nitrogenous compounds from the legume roots and its absorption by the 
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associated grasses. Virtanen (1928) concluded from his experimental 
work that excretion of nitrogenous compounds occurs from leguminous roots, 
at least, under certain conditions* 
Wilson (I9I4O) was unable to find evidence of excretion of nitrogenous 
ccmpounds from the roots of legtuninous crops, whether growing in pure state 
or in a mixture with other grasses* 
La Fliee (1892) recommended that grain crops be cultivated in asso­
ciation with legumes* He demonstrated the favorable effect of peas sown 
with barley, especially if the grain crop is raised in a soil of low nitro­
gen content or low fertility level* 
Lyon and Bizzell (1910, 1911) found that the nitrogen content of 
timothy grown together with leguminous plants, was higher than the nitrogen 
content of the timothy plants grown alone* 
lipman (1912) planted legumes and grasses side by side in the green­
house* His experiment indicated that the grasses were benefiting from 
the nitrogenous compounds probably excreted by the leguminous crops* 
Kellerman and Wright (I91U) stated that the nitrogen contents of both 
leguminous and non leguminous plants were higher when grown together than 
each growing alone* 
In 1927, Lipman and Blair concluded an eighteen year experiment. 
They found that the average yield of corn, when grown with leguminous 
crops, was 37*9 bushels per acre, while when grown with rye was only 26*0 
bushels per acre* The alfalfa and rye were used as catch crops* In 
reviewing work by Virtanen, Fred, Baldwin and McCoy (1932) state; 
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In 1929 he reported that oata grown in a nitrogen-free 
quartz sand may profit by the presence of a leguminous plant such 
as clover or the pea# That the benefit is due to nitrogen fix­
ation by the leguminous associate is indicated by the observation 
that the oats drive no benefit unless or until the leguminous 
plant bears nodules* 
From a greenhouse study Roberts and Olson (19U2) concluded that when 
one species in a legume-grass mixture produced more dry weight than when 
grown alone, the other species would produce less in the mixture than when 
grown in pure stand. 
Aberg, Johnson and Wilsie (19ii3) found from both greenhouse and field 
experiments that the response of crops in mixtures was of a compensating 
nature rather than an antagonistic or mutually beneficial association* 
Bressani and Johnson (1952) found that there was only a slight 
evidence of beneficial effects of legume-grass association on the 
nitrogen content of the grasses in the first and second cuttings but in 
the third cutting, the nitrogen content of orchard grass grown with a 
legume was 2h$ higher than when orchard was grown in pure stand. 
McCloud and Hott (19^2) found legumes to benefit grasses grown in 
association only after two years of growth. They concluded that although 
nitrogen is not the sole factor involved in the association effects, it 
is the most important* They speculated that the grasses begin to benefit 
from the association when the roots and nodules of the leguminous crops 
start to decompose and release nitrogen into the soil* 
Mann and Barnes (19^3) grew red clover and Italian rye grass together. 
They found that rye grass plants reduced the growth of the red clover by 
30%» This effect varied very little with increasing the density of the 
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red clover crop. They also found that red clover plants reduced the yield 
of rye grass but as the densliy of the rye grass increased the influence 
of red clover decreased. And it was further found that red clover will 
take up nitrogen when found or added in ample amounts and does not provide 
the grass with additional nitrogen. 
Worzella ^  al., studying the production and management of pastures 
in South Dakota, found that yields of mixtures were always higher than 
grasses alone and quite often more than the legumes alone* They also 
found that a pasture or hayland will continue to produce more if a legume 
was grown alone with the grasses. This is shown in the following table 
taken from their data, (Table 2). 
Table 2. Hay yields in tons per acre of brome grass, and 
a mixture of brome grass and alfalfa. 19U6i"19l;9 
Year Brome graas 
t./ a. 
Brcme grass and 
alfalfa t./a. 
Increase of mixture 
over grass alone 
19U6 2.80 3.78 1355s 
I9I47 1.69 5.56 32956 
I9I18 .90 3.32 36958 
19lj9 .39 1.88 h62% 
Average l.l^ii 3.63 329% 
1$ 
The available data do not provide a clear picture of the influence 
of grasses on the growth and nitrogen fixation in legumes, when the two 
are grown in association, or of the magnitude, or exact nature of the 
influence of the legume on the growth of the grasses. The data do suggest 
that during the early part of the association period the effect may bs 
largely ccmipetitive# After longer association periods, the evidenco 
strongly supports the thesis that legumes furnish nitrogen to the 
associated grasses. The influence of grasses on nitrogen fixation in 
associated legumes is yet mostly a matter of speculation. 
Relative Use of Ammonium and Nitrate Nitrogen 
The literature contains few reports of studies of the relative 
absorption rates of ammonium and nitrate nitrogen by the plants, Hutchin­
son and Mller (1909) found that some plants grew well whether the source 
of nitrogen was ammonium or nitrate, but ihat plants fertilized with 
ammonium salts contained a higher nitrogen percentage than those given 
nitrate salts. 
Singleton (1925) found the same percentage of nitrogen in a number 
of common crops when ammonium was supplied as the nitrogen source as when 
nitrogen was applied, but nitrate gave generally higher crop yieMa 
than ammonium, 
Norman and Krampitz (19U6) found greater recoveries in a soybean 
crop of nitrate than of ammonium nitrogen. Isotopic nitrogen was used to 
determine the magnitude of recovery, Wilson (19U3) found ammoniaun to 
be more effective than nitrate in preventing fixation by Azotobacter and 
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Jansson {!?$$) found that microbes decomposing oat strav absorbed ammonium 
in preference to nitrate* 
Plant Recoveries of Fertilizer Nitrogen 
Norman and Krainpitz (19U6), using isotopic nitrogen, found that when 
ammonium nitrate was used for fertilization the recoveiy of added nitrogen 
ranged between $3 and 69%» When calcium nitrate was used as the source 
of nitrogen, the idtrogen recovery ranged between 7U and 100^, Thornton 
(19^6) found an average percentage recovery of tagged calcivaa nitrate in 
the first five weeks of growth of $6 and 62% for soybeans and leapede^a 
respectivelyo After eleven weeks of growth the averags percentage of 
nitrogen recovered was 73 and Q^% for soybeans and lespedeea respectively. 
In field studies with oats, using labeled ammonium sulfate, Bartholomew, 
Nelson and Werktaan (1950) recovered from 11 to 29% of the added fertilizer. 
MacVicar, Qarman and Wall (1951) recovered between 38 and k7% of added 
ammonium sulfate nitrogen in oats and Sudan grass. They determined the 
amounts recovered by tracer technique and the plants were grown in soil 
in the greenhouse* 
Bartholomew and Hiltbold (1952) reported recoveries between 27 and 
5U^ of tagged nitrogen applied to soils growing oats under greenhouse 
conditions* In solution cultures with both grasses and leg^mes, Alios 
and bartholomew (1955) were able to racover in the plants from UU to 99% 
of the added ammoniunt sulfate. Higher recoveries were obtained in grasses 
than in legumes* 
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EXPERIMENTAL 
General Procedures 
Some major experimental difficulties are encountered in the measure­
ment of the amount of symloolic nitrogen fixation in soil. Such difficul­
ties are unavoidable even under controlled greenhouse conditions. Soils 
and air are nomally the sources of nitrogen for the nutrition of 
leguminous crops; fertilizers supply a third source. One of these sources 
could be labeled with isotopic nitrogen, and the amount absorbed 
from that source by the leguminous plants could be measured. In the 
study of nitrogen fixation the ideal situation would be to grow the 
plants in an atnosphere tagged with However, such a method is 
impraotical with a large scale greenhouse experiment. The alteraative 
is to la^el the nitrogen introduced to the plants through the soil. 
Labeling the nitrogen in soil organic matter is difficult, and the addi­
tion of tagged fertilizer results in difficulties, because part of the 
fertiliser becomes immobilized by soil microbes and is, therefore. Hot 
available to the legume* The only practical alternative was to use a 
nitrogen free substrate in place of soil and to add the tagged fertilizer 
in solution culture. Therefore, legumes and non-legumes were grown in 
solution cultures supplied with ammonium sulfate as the source of 
nigrogen, the ammonium ion being tagged with #5, Ammonium sulfate 
was used as the nitrogen source, chiefly because a ready supply of 
tagged ammonium, but there was included an experiment to determine the 
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the relative rates of absorption by sane selected legumes and grasses of 
anunonlum and nitrate ions. 
The experiment involving uptake of tagged nitrogen and relative 
nitrogen fixation were made in gallon capacity glazed pots, filled with 
fine calcareous gravel which was obtained from the Des Moines lUver 
bottom near Boone, Iowa* It had been found previously (Alios and Bartholo­
mew, 1955) that vermiculite, although used extensively for solution 
culture studies, may not be the best substrate for the growth of either 
the leguminous or non-leguminous plants. One of the reasons stated against 
its use is the possibility of ammonium ion fixation on the vermiculite* 
This possibility has been also suggested by Allison et al. (1953)• 
Another reason was that in employing the exploded vermiculite it nas 
difficult to maintain the optimum degree of both moisture and aeration 
necessary for a good growth of the plants. Any substrate could be used 
which is low in both organic and inorganic nitrogen, has some capacity 
to retain moisture, pennits good internal drainage and aeration and is 
able to provide a good mechanical support for the plants. Fins, calcareous 
gravel appeared to have these properties* 
In order to maintain good moisture and aeration in the gravel pots, 
an automatic Irrigation system was devised. It consisted of^Uon 
capacity glass bottles connected by glass and rubber tubing to each of 
the glazed pots. These glass bottles were located Just below the glazed 
pots containing gravel and were employed as containers of the nutrient 
solution. The connection between the glass bottles and the glazed pots 
was by a glass tube through a two hole rubber stopper reaching to the 
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bottom of the glass bottle and connected by a rubber tube to an opening 
in the bottom of the glazed pot. The second openings of the stoppers in 
the glass bottles were connected to an automatically operated air pressure 
system. At definite time intervals, pressure applied to the glass bottles 
forced the nutrient solutions up into the gravel cultures. The nutrient 
solutions would then remain in the pots for about f if teem minutes, after 
which they drained back to the containers. This operation was timed to 
take place every four hours. The glass bottles and the glass connections 
to the pots were covered with aluminum paint to inhibit the growth of 
algea on the inside parts. 
In the middle of Hay, 195U, a preliminary experiment was conducted 
to test the efficiency of the automatic timing and pressure forming 
device, and to choose one of two possible substrates, namely, fine white 
sand or graded well-washed gravel. At the conclusion of the experiment 
it was evident that the automatic device and the gravel cultures suited 
the experimental needs jSind provide a good medium for the growth of the 
plants, 
The Effect of Inorganic Nitrogen on Fixation 
In July, 195U> the gallon pots of gravel were seeded with the 
respective legumes and grasses. The leguminous plants were inoculated 
with the proper strains of Rhizobia, and the glass bottles were filled with 
distilled water. Plcnts nutrients, except nitrogen, were added to the 
distilled water. Nitrogen was later applied at predetermined times and 
rates. Distilled water was added during the course of the eiqsriment aa 
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needed. 
One set of the lefiffiie crops vjas harvested after 10 weeks of growth. 
In another set containing both le^ aimes and grasses, three cuttings were 
taken at growth i)eriods of 10, 6, and 6 weeks respectively. Tops and 
roots were harvested separately. 
The experiment vias arranged in a randomised block design with 
treatments as shovm in Table 3. Tracer nitrogen was employed through­
out the experiment. In addition to the total nitrogen analysis, tracer 
concentration determinations were made on all nitrogen samples. 
Only five legunes, namelyj soybeans, alfalfa, avreet clover, Ladino 
clover and birdsfoot trefoil were included in the study viiich was 
terminated after 10 weeks of growth. Six crops, 3 legiimes and 3 grasses 
were included in tlie study where successive top harvests vrere taken. 
Tine legumes werej alfalfa, sweet clover and birdsfoot trefoil. The 
grasses includcdj Sudan grass, brorae grass and orchard grass. 
The nitrogen treatments are outlined in a later section. 
Soil Cultures 
As a means of comparing the nitrogen levels employed in gravel 
cultures with nitrogen supplies which obtain in soil, grasses were grown 
in a series of soil as well as in gravel cultures. Fourteen different 
soils were seeded with f-rasses on the 9th of August, 195)14, Three 
successive harvests were made at intervals comparable with harvest 
periods in the gravel cultures. The soils were then freed from roots 
and dried. In June, 19^ f?, two replicates of those originally seeded to 
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Table 3» I'ha substrateQ, cropSf cuttings and treatnents in 
the study of the effect of inorganic nitrogen on 
STmbiotic nitrogen fixation. 
Qravel cultures 
10 week period of growth 
Replications 
Legumes (Soybeans, alfalfa, sveet 
3 
birdsfoot trefoil) 
Treatment 
clover, Ladino clover and 
5 
5 
TF 
22 ueek period of growth 
Replications 
Crops 
3 
6 
Legumes (alfalfa, sweet clover 
and birdsfoot trefoil) 3 
Grasses (Sudan grass, braae 
grass and orchard grass) 3 
Cuttings 
Treatments 
3 
m 
Soil cultures 
Replications 
Soils 
3 
lU 
Grasses (Sudan grass, brome grass 
and orchard grass) 
Cuttings 
3 
3 
W 
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brome prass and Sxjdan £;ras3 vere reseeded viith Sudan prass. Yield and 
total nitrogen were determined on all cuttinf^ s. 
Tlie ejqperiment xras arranged in a randomized block design. The 
treatments are shown in Table 3. The soils employed are listed in Table 
I4 alonp with location of the source and the nitrogen contents. 
Supportinf; Hj^ jeriments 
The ejqjeriment investi^ jatinp the grovrth of grasses and lepvunes grown 
alone and in association was started October 1, 19Bh» The plants were 
grovm in gravel cultures as previously described. Tops and roots of each 
species were harvested after S? weeks of growth. 
The treatments and experimental design are given in Table 5> and 
the nitrogen additions are outlined in a later section, 
A study of the relative absorption of ammoniim and nitrate ions was 
made in gravel cultures using soybeans, alfalfa and Sudan grass as the 
test crops. The crops viere grovm in the normal way as described previously 
using non-tagged nitrogen. At two predetermined stages of growth the test 
plants were allowed to becoMe low in available nitrogen, and then were 
supplied with nitrogen as ammoniiun nitrate. Parallel pots were arranged, 
and in one case the avamonium component was enriched Xvatia 11-^ ,^ and in an-
1^ 
other set of pots the nitrate component was enriched with N . 
Three days after addition of the tracers all plants vjere harvested 
and prepared for analysis in the usual way. The experiment was started 
in July, 1955>» The ejqperiraental design is shown in Table 6. 
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Table U* Source and some characteristics of soils employed 
in the study* 
Soils Location 
Qreat soil P.P.M. of N 
group Treatment Texture /£ of M of nitrate* 
Clyde Howard 
County 
Clinton Jefferson 
County 
Webster Agronomy 
Farm 
Story 
County 
Nicolett Agronomy 
Fana 
Story 
County 
Clarion (l)Agronoray 
Farm 
Story 
County 
Clarion (2)Agronomy 
Farm 
Story 
County 
Muscatine Marshall 
County 
Wlesenboden 
Oray-Broun 
Podzolic 
Si.cl. .33 
lo. 
Si.lo, .31 
Wlesenboden Uyear"'^ Si.cl. .27 
rotation lo* 
C.C.C.M. 
20 Mn-L 
Brunisem U year 
Monona Monona 
County 
Brunizem 
Brunizem 
lo, to .17 
rotation si.cl.lo. 
C .C .O.M. 
8 Mi-L 
Brunizem U year 
rotation 
C.C.O.M. 
lo. .10 
Brunizon Continuous lo. 
Com 
,08 
Si.lo* *30 
Si.lo .28 
51 
k2 
31 
28 
16 
50 
U6 
*Kitrate nitrogen produ<5ed in 2 weeks of incubation. 
^»C - Com \ 
0 - Oats 
M - Meadow 
Mn - Tons manure per rotation cycle 
L - Lime 
2U 
Table U« (Continued) 
Soils Location 
Great soil 
group Treatment Texture 
P.P.M. or H 
5? of N of nitrate* 
Haig Jefferson 
County 
Wiesenboden Si.cl, 
lo. 
.29 U7 
Fayette Jefferson 
County 
Gray-Brown 
Podzolio 
Si.lo .30 U2 
Taintor Jefferson 
County 
Wiesenboden Si acI* 
lo. 
.28 Ul 
Mahaska Jefferson 
County 
Brunizem Si.lo. .26 UO 
Edina Lucas 
County 
Planasol Si.lo. .20 37 
Carrington Howard 
County 
Brunizem lo. to 
si.lo. 
.17 32 
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Table 5« The substrate, crops and treatments in the study 
of the legume-grass associations. 
Gravel cultures 
Replications 2 
Crop combinations 6 
(soybeans alone 
alfalfa alone 
Sudan grass alone 
brome grass alone 
soybeans uilh Sudan grass 
alfalfa with brome grass) 
Treatments 3 
total JS 
Table 6» The substrate, crops 
of the absorption of 
legumes and grasses. 
and treatments in the study 
ammonium and nitrate ions by 
Gravel cultures 
Replications 2 
Crops 3 
(soybeans, alfalfa and Sudan grass) 
Stages of growth 2 
Treatments 2 
total 2ll 
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A study was also Included to detemine the nitrogen concentration 
necessary to completely inhibit nodulatlon of alfalfa and soybeans. The 
plants ware grown in solution cultures. The experimental design Is 
shown In Table 7, and the nitrogen additions are outlined in a later 
section. 
Tabla ?• The substrate, crops and treatments In the study 
of inhibition of nitrogen fixation processes. 
Gravel cultures 
Replications 2 
Legumes (alfalfa and soybeans) 2 
Trea-fanents 
total 
All major and minor elements, except nitrogen, were supplied to 
the gravel cultures at the beginning of the experimental periods. The 
nutrient solutions are outlined in a later section. 
Materials and Methods 
Hutrlent solution 
The nu'brlent solutions used vere based on Shlve's standard solution. 
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Nutrients, except nitrogen, uere added in sufficient quantities at the 
beginning of the experiments to nourish the plants during the period of 
growth. 
The following solutions were added to every one gallon nutrient 
solution containert 
1. 50 ml. of 1.0 M. KH2PO2J 
2. 16 ral, of 1.0 M, MgS0^.7IfeO 
3» 30 ml, of minor elements solution containing the followingt 
HJBO^ O.UO g,/l. 
MhCl2 0,80 g./l, 
7.nCl2 * * O.I4.O g./l. 
CUOI2 0.08 g./l. 
ii. Minute quantities of iron and molybdenum were also supplied 
in solution as ferrous sulfate and molybdic acid, 
No calcium uas added because the gravel used was calcareous, re­
leasing enough calcium to supply the needs of the plants. 
After every cutting more nutrient solutions were added at the 
following ratal 
1. 12 ml. of 
2. 10 ml. of 
3. 7 ml. of 
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Nitrogen levelB in gravel cultares 
Five different levels of nitrogen were made in the study of inhibi­
tion of nitrogen fixation. For the three periods of growth they were made 
by making the following additions to each container! 
First growth period# 
Levels Mg. of N./wk« Total N. in 8 wks.'^^ 
1 0.0 mg»/pot 0.0 rag,/pot 
2 10,0 mg,/pot 80.0 mg./pot 
3 UO.O mg./pot 320.0 mg./pot 
U 70.0 mg./pot 560,0 mg./pot 
^ 100,0 rag,/pot 800,0 mg./pot 
Second growth periodi 
Levels Mg. of H./wk, Total M. in $ wks, 
1 0.0 rag,/pot 0,0 mg./pot 
2 11.25 mg./pot 56.0 mg./pot 
3 li5»0 mg./pot 225,0 mg./pot 
h 78.75 mg./pot 395.0 mg./ppit 
5 112,5 mg./pot 563,0 mg,/pot 
Third growth period* 
Levels Mg, of Na/wk^ Total N. in 5 wks, 
1 0,0 mg./pot 0.0 mg./pot 
2 11,0 mg,/pot 55»0 rag,/pot 
*Hitrogen additions were started after the second week. Eight 
additions were made, therefore, in the first 10 weeks growing period. 
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Third growth period (continued): 
Levels Mg. of N./wk« 
3 ljU.O mg./pot 
U 77.0 mg./pot 
5 110.0 Dig./pot 
Total N, in 5 wks. 
220.0 mg./pot 
385.0 mg./pot 
5$0.0 mg./pot 
In the study of the absorption of ammonium and nitrate ions NHj^NO^ 
was used as the source of nitrogen. 
In one set of pots NHI1NO3 was added in which the ammonium ion was 
enriched with In a parallel set of pots •the nitrate ion was tagged. 
Nitrogen levels were maintained by mald.ng the following additions: 
First stage of growth: 
Ion Addition of M./day 
N^^H^NOj 63,6 mg./pot 
NH^h15o^ 66.3 mg./pot 
Second stage of growth: 
Ion Addition of N./day 
Total H. in 3 days 
191.0 mg./pot 
199.0 mg./pot 
N15H^ N03 
NH^ #^ 03 
101.6 mg. X 2 days 
127.0 mg. X 1 day 
108.0 mg. X 2 days 
ll^.O rag. X I day 
Total N. in 3 days 
330,0 mg./pot 
331.0 mg./pot 
Usually added ammonium ions are rapidly converted into nitrate 
ions by nitrifying bacteria. To minimize such nitrification the tagged 
ammonium nitrate was added only 3 days prior to harvesting. 
In the study of the legume-grass association the nitrogen levels 
were maintained as follows: 
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Levela 
1 
2 
3 
Mg» of N./wk* 
0.0 mg./pot 
I4i,0 mg./pot 
77.0 mg./pot 
Total M. in ^ >iks» 
0.0 mg./pot 
308.0 mg«/pot 
539.0 mg./po5 
Four levels of nitrogen were employed in the study of total inhibi­
tion of fixation. The highest rate was chosen such as to provide about 
twice as much nitrogen as the plants vould absorb* This level was based 
on the results of a previous study by Alios and BartholomeU; The 
levels were maintained by making the following additions: 
Levels Hg. of N./«k. Total M. in 5 vks« 
1 0.0 rag./pot 0.0 mg./pot 
2 120.0 mg./pot 600.0 mg./pot 
3 300»0 mg./pot 1500.0 mg./pot 
U 700.0 mg./pot 3500,0 mg./pot 
Plant species tested 
In the several investigations the following crops were usedi 
a. Leguminous crops 
Soja max 
Madicago sativa 
Trifoluw ripens 
Melilotus alto 
Soybean 
Alfalfa 
Ladino clover 
Sweet clover 
Birdsfoot trefoil Lotus corniculatus 
b. Grasses 
Sudan grass Sorgham vulgare 
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b. Grasses (continued) 
Orchard grass Dactylis glcmerata 
Brcme grass Bromus inermis 
Seeding rates 
About 20 seeds vera planted in each pot seeded to alfalfa^ sweet 
clover, Ladino clover or birdsfoot trefoil. After emergence the plants 
were thinnad to 12 healthy plants to each pot# 
Six soybean seeds were planted per pot but thinned to U plants after 
emergency# In the pots seeded to brome grass and orchard grass about 30 
seeds were planted in each pot to assure a minimum number of plants. They 
were later thinned to 15 to 16 to each pot# For Sudan grass about 1$ seeds 
were planted and 7 to 8 plants were allowed to grow. 
In the grass-legume association the pots were thinned to 12 alfalfa 
plants, 12 brome grass plants, 7 Sudan grass plants and li soybean plants 
when grown alone# V^hen grown in association, U soybean plants and 7 
Sudan grass plants were grown in each pot and 12 alfalfa plants and 12 
brome grass plants in the other association# 
Total nitrogen determination 
Total nitrogen of the soils and plants were determined by the Kjeldahl 
method, using CuSo|^ and HgO as a catalyst# Boxric acid of \x% concentration 
was used in absorbing the ammonia from the distillation process# After 
receiving the ammonia, quantitative estimations of the total nitrogen were made 
by neutralizing the ammonia with a known normaliiy of sulferic acid, using 
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an indicator mixture of the following proportions, 5 parts of brona 
gresol green and 1 part of methyl red* 
Isotopic nitrogen determination 
To determine the content of the nitrogen it is necessary to 
convert the ammonia samples obtained from the Kjeldahl analysis into nitro­
gen gas, N2, using the method of Rittenberg (19h8), 
Isotopic nitrogen analysis were made on a Nier type mass spectrcmieter 
through the courtesy of Dr. Harry Svec of tlra Institute of Atomic Research, 
loifia State College* 
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BESUUS 
Tleld Responses to Nitrogen in Lsguines and Grasses 
The effect of nitrogen fertilization on the yield of legumes grown 
in gravel cultures are summarized in Table 8 and 9 and shown graphically 
in Figures 1, 2 and 3* Complete data on individual samples are shown 
in appendix Table 21^. Table 8 shows the response in yield of the leguminous 
crops grown for only 10 weeks in solution cultures in gravel. Obvious 
yield responses to nitrogen were observed in both tops and roots, except 
in the case of birdefoot trefoil, where a grov/th response was found only 
with the lower increments of nitrogen additions. In the roots of birds-
foot trefoil, the response was negative to the high rates of nitrogen 
additions* 
Soybeans made the greatest total growth of the legumes studied, al­
though the percentage growth response to the addition of nitrogen was not 
larger than in alfalfa, sweet clover or Ladino clover# In general, root 
responses to nitrogen addition were not as large as were responses in 
top growth. 
Qeneral yield responses to nitrogen additions were found in successive 
cuttings of alfalfa, sweet clover and birdsfoot trefoil as shown in Table 
9 and Figures 2 and 3» I>ater cuttings of sweet clover not only responded 
somewhat less to nitrogen additions than did tl^ first cutting but also 
made less total growth. However, it should be remembered that the later 
growth periods were shorter than the first. Alfalfa and birdsfoot trefoil 
were slow to become established and made generally more rapid growth 
Figiire 1, Yield response of tops and roots of soybeans to nitrogen fertilization. 
The plants •were grcKu for a 10 tieek period in solution cultures in gravel. 
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Table 8. Legumes yield responses to various levels of 
nitrogen fertilization when grown for a period 
of 10 weeks* 
Dry yield in g./pot 
Leguminous N adds» in 8 wks« 
crops O^g./pot 80 mg./pot 320 mg./pot 560 mg./pot 800 mg«/pot 
Soybeans 
U3.1 U6.9 65.3 93.5 Tops 70.3 
Roots 9.0 9.3 11.2 11.9 13.8 
Total ^2,1 5572 1272 107.3 
Alfalfa 
Tops 9.1 12.0 12.9 15.5 20.3 
Roots 6.1 7.2 7.0 8.9 12,1 
Total 21175 3^ .li 
Sweet clover 
Tops 8,6 11.u 13.8 20.7 23.U 
Roots 3.3 3,6 6.2 lU.o 16.1 
Total 11.9 TFTo 20.0 wn 3^ 
Ladino clover 
Tops 5.0 7.6 12.0 13.5 16.7 
Roots 1.2 1.6 2.I4 3.0 3.5 
Total "572 9T- lU.U 153 
Birdsfoot trefoil 
Tops U.6 6.3 8.5 9.2 9.5 
Roots 1.5 1.6 1.9 1.2 l.U 
Total "Sa 7.9 lO.Ii 10.9 
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Table 9« Leguma yield responses to various levels of nitrogen 
fertilization when grown for a period of 22 weeks. 
~ Pry 
Crops Cutting H adds, mg./pot in IB wks. 
0 191 765 1339 1913 
Alfalfa 
Tops Ist, 8.0 9.3 11.3 m.o 15.6 
2nd. 11.5 13.li 15.8 15.9 16.8 
3rd. 18.U 19.5 20,8 22.1 22.9 
Roots 16.0 15.9 17.U 22.2 22.5 
Total WJ 50 TU:? TTTH 
Sweat clover 
Tops 1st. 8.8 8.7 lU.6 19.8 25.2 
2nd. 9.7 10.5 11.9 12.8 13.8 
3rd. 8.5 9.0 12.1 13.2 lU.U 
Roots 6.3 Si 10.1 12.0 lU.3 Total 33.3 57.B "STTf 
Birdsfoot trefoil 
Tops 1st. 2.8 6.3 8.9 9.2 9.9 
2nd. i.6 I4.0 5.2 6.9 7.9 
3rd. U.5 8.7 9.9 13.U 13.1 
Roots 2.6 5.U 6.7 U.8 li.U 
Total 11.5 2U.U 30.7 WJ 3^ 
Figure 2, Yield response of alfalfa, sweet clover and birdsfoot trefoil to nitrogen 
in the first, second and third cuttings. The plants viere grown in solu­
tion cultvire in gravel for a period of 22 weeks. 
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FigTore 3. Root yield responses of alfalfa, sweet clover and birdsfoot trefoil to 
nitrogen additions. The plants were grown in solution culture in gravel 
for a period of 22 weeks. 
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during later cutting pariods. In all instance, however, growth responses 
to nitrogen were found. Small additions of nitrogen, especially in the 
case of birdsfoot trefoil, had a marked influence on the growth and yield. 
In total yield, alfalfa led, followed by sweet clover and birdsfoot 
trefoil* Sweet clover showed more response to nitrogen than either alfalfa 
or birdsfoot trefoil. 
The root yield responses to nitrogen for alfalfa, sweet clover and 
birdsfoot trefoil are shown in Figure 3, for tiie 22 week growing period. 
The negative response of birdsfoot trefoil to the high rates of nitrogen 
additions is shown in comparison to the responses found in alfalfa and 
sweet clover. 
The yield responses of grasses to nitrogen additions in solution 
cultures in gravel are summarized in Table 10, These yield responses 
were marked in all cuttings. All nitrogen additioEB were within the 
response range, although the inag.nitudes of growth response were greater 
for the lower increments of nitrogen than for the higher increments. 
The Effect of Legume-grass Association on the 
Yield of Both Legumes and Grasses 
Table 11 shows the yield data of the leguminous crops and grasses 
when grown alone and in association wiih each other. The data indicates 
that there was no effect of Sudan grass on soybean yield when the two were 
grown together. Soybeans maintained their yield level as well when grown 
in association with Sudan grass as when grown alone. However, there was 
a reduction in the yield of Sudan grass when grown in association with 
U3 
Table 10. Grass yield responses to various levels of 
nitrogen fertilization when grown for a period 
of 22 weeks. 
Crops Cutting N adds . mg./pot in 18 wks* 
0 191 765 1339 1913 
Sudan grass 
U6.7 63.7 Tops 1st. 1.1 10.5 61.1 
2nd. .2 3.2 13.7 21.9 32.6 
3rd. .3 U.6 12.0 16.5 16.14 
Roots .8 7.3 19.U 27.2 26.5 
Total 2nr 2575 139.2 
Orchard gras s 
lo.U lU.o Tops 1st. 1.0 2.6 9.2 
2nd. .2 2.1 l.h 10.7 11.6 
3rd, .5 2.U 8.9 12.1 13.5 
Roots 1.9 5.8 9.8 n.i 10.5 
Total 1279 3F3 Uk*3 WS 
Brome grass 
.8 1I4.U 15. u Tops 1st. 3.2 11.0 
2nd. .2 2,h 8.7 10.1 11.8 
3rd. 2.U 8.3 9.6 10.2 
Roots i.U 5.3 11.5 11.2 8.U 
Total 2.9 133 3^ 
Uli 
Table 11. Yield response to nitrogen of leguminous crops 
and grasses grown alone and in association with 
each other, under various levels of fertilizer 
nitrogen* 
Dry yieM 
N adds , mg,/pox in 7 'wk^  Crop Combination 
309 W 
Alfalfa alone 
Tops 
Roots 
Total 
Alfalfa with brome grass 
Tops 
Roots 
Total 
Brome grass alone 
Tops 
Roots 
Total 
Brome grass with alfalfa 
Tops 
Roots 
Total 
17.3 
10.1 
2Tnr 
13.0 
3.U 
ISTC 
1.0 
>7 
1.7 
.6 
.U 
TTo 
22.8 
11.1 
33.9 
22.5 
16.1 
30.6 
12.7 
8.2 
20.9 
11.5 
10.0 
213 
7.8 
3.8 
II75 
Soybeans alone 
Tops 
Roots 
Total 
Soybeans with Sudan grass 
Tops 
Roots 
Total 
Sudan grass alone 
Tops 
Roots 
Total 
Sudan grass with Soybesuis 
Tops 
Roots 
Total 
18.2 
U.3 
18.6 
3.3 
1.2 
.6  
"O 
.7 
.3 
TTo 
22.1 
U.3 
26oU 
22.1 
3.8 
20.8 
3.9 
HiTf 
8.9 
2.0 
38.2 
7.1i 
115:^  
36.8 
22.h 
5.2 
WjS 
7.5 
1.6 
T3 
soybean. Sudan grass yield at the highest nitrogen rate, 539 milligrams 
per pot, when grown with soybeans was 1/3 the yield of Sudan grass when 
grown alone. As to the association between alfalfa and brome grass, both 
alfalfa and brome grass reduced the yield of the associated crop compared 
to their yield when grown alone. In Figure U the yield effects are 
shown graphically. 
Nitrogen Fixation 
Gravel, which usually contains a small amount of orgaaiio and inorganic 
nitrogen, was used as a mechanical support for the plants. Table 12 
summarizes two methods of evaluation of the nitrogen content of the 
gravel. The first method was based on the nitrogen uptake by grasses 
grown in the gravel with all nutrient elements supplied except nitrogen. 
In the second method tracer techniques were employed. 
Nitrogen absorption, from the gravel, was found to be ll+o? and 18,5 
milligrams per pot in the first and the second methods respectively. The 
mean was used in calculaiing nitrogen fixation and the percentage of re­
covery of added nitrogen, 
A summary of the nitrogen uptake and of fixation is given in Tables 
13 and lU, Conplete data for individuals are given in appendix Tdsle 2U. 
Table 13 presents the nitrogen uptake and fixation in the leguminous crops 
when grown for a period of 10 weeks. In alfalfa, sweet clover and Ladino 
clover, the lowest increment of added nitrogen resulted in some stimulation 
of the nitrogen fixation process, Vfith the exception of soybeans, nitrogen 
additions greater than the lowest rate, resulted in both a decrease in 
Figure U. The influence of legume-grass associations on the yield of 
the associated crops. 
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Table 12, Evaluation of the nitrogen content of the 
graval by nitrogen uptako in unfertilised 
grasses and by tracer dilution, 
adds. Total H N from N from 
Crops Cutting mg./pot uptake fert, gravel Mean 
mg«/pot mg./pot mg./pot 
Sudan grass Tops & roots — 13 — 13 
Orchard grass Tops & roots — 15 — 16 
Brome grass Tops & roots — 15 — JL 
Sudan grass Second 225 162 126 3U 
Sudan grass Third 385 287 2U7 liO 
Sudan grass Second 563 Uli2 U05 37 
Orchard grass Third 220 235 229 6 
Orchard grass Second 39U 329 321 8 
Orchard grass First 800 liBU U87 
-3 
Brome grass First 320 230 218 12 
Brome grass Third 320 209 187 22 
Brome grass Second 560 325 31ii 11 
employed contained 1,6? aton % excess 
h9 
Table 13» Nitrogen uptake and fixation at various levels 
of fertilizer nitrogen. 
Leguminous crops 
H* adds, in 10 wks. growth period 
0 80 320 5S0 ^00 
mg,/pot mg./pot nig«/pot mg./pot mg./pot 
Soybeans 
N uptake in tops mg./pot 1336 1U8U 2118 2290 2666 
N uptake in roots mg./pot 320 293 39 li 376 I;22 
Total 1656 1777 2512 2666 3078 
From fertilizer 0 68 252 h6h 6U8 
Fixed frcstt the air»* 1639 1692 22U3 2185 2U23 
% fixation of total 100 95 89 82 79 
Alfalfa 
N uptake in tops mg./pot 320 U13 U28 505 6U3 
N uptake in roots mg./pot 193 202 203 266 3O8 
Total 513 615 631 771 951 
From fertilizer 0 73 285 U72 725 
Fixed from the air 1496 525 329 282 209 
% fixation of total 100 05 52 37 22 
S«eet clover 
N uptake in tops mg./pot 312 U35 522 639 718 
N uptake in roots mg./pot 135 lli9 209 330 U09 
Total 1»U7 58U 731 968 1127 
From fertilizer 0 73 261 505 756 
Fixed from the air U30 I49U U53 h6h 35U 
% fixation of total 100 85 62 kB 3a 
Ladino clover 
N uptake in tops mg./pot 165 262 368 5U7 593 
N uptake in roots mg./pot llO 52 90 95 115 
Total 205 3lh U58 61i2 708 
From fertilizer 0 63 282 527 609 
Fixed from the air 108 23U 159 98 82 
% fixation of total 100 75 35 15 12 
Birdsfoot trefoil 
N uptake in tops mg./pot U42 186 265 309 3U6 
N uptake in roots mg./pot 52 59 59 liO 50 
Total 19U 2U5 32U 3b9 396 
From fertilizer 0 73 2U6 329 375 
Fixed frcan the air 177 155 61 3 k 
% fixation of total 100 63 19 1 1 
''KN^^H^)2S0|, employed contained 1.67 atom % excess 'W. 
•ttttCorreoted for the nitrogen supplied by the gravel and seeds. 
atamffTriaW 
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Table lU. Nitrogen uptake and fixation (in legumes grown for 
a 22 week period) at various levels of fertilizer 
nitrogen. 
Alfalfa 
First cutting 
# adds, in 8 wks, ng./pot 0 80 320 560 800 
N uptalce mg./pot 276 318 366 U28 U89 
From fertilizer 0 10. 172 296 U22 
Fixed from the air^  265 266 183 121 56 
% fixation of total 100 8h 50 28 12 
Second cutting 
N adds, in 5 wks. mg./pot 0 56 225 39U 563 
N uptake mg./pot li56 505 555 539 633 
From fertilizer 0 29 13U 22U 366 
Fixed from the air 601 6ii9 508 503 396 
% fixation of total 100 93 76 63 ii8 
Third cutting 
N adds, in 5 i«ks. mg./pot 0 55 220 385 550 
N uptake rag./pot 601 700 671 802 817 
From fertilizer 0 51 163 299 1+21 
Fixed from the air 601 61i9 508 503 396 
% fixation of total 100 93 76 63 I48 
Roots 
N uptake mg./pot U5U U52 U90 636 671 
From fertilizer 0 38 lllO 26U 389 
51xed frraa the air*** liU8 U08 3UU 366 276 
% fixation of total 100 90 70 53 111 
Sueet Clover 
First cutting 
N adds, in 8 uks. mg./pot 0 80 320 560 800 
N uptake mg./pot 327 318 5hU 631 800 
From fertilizer 0 UO 192 U32 58U 
Fixed from the air 316 267 3Ul 188 205 
% fixation of the total 100 8U 63 30 26 
KN^ H^)^ )2S0k employed contained 1,6? atom % excess n15. 
tCorrected for 11 mg. of the nitrogen supplied by the gi 
-*( 
•jHHjorre ravel and seeds, 
iHHi-Corrected for 6 mg, of the nitrogen supplied by the gravel and seeds. 
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Table lU. (Continued) 
Sweet clover (Continued) 
Third cutting 
N adds, in 5 wka* mg./pot 0 55 220 385 550 
N uptake mg./pot 326 338 U72 U81 600 
From fertilizer 0 li5 179 337 U62 
Fixed from the air 326 293 293 lliii 138 
% fixation of total 100 87 62 30 23 
Roots 
N uptake mg./pot 189 196 307 372 381; 
From fertilizer 0 29 115 200 2U2 
Fixed frcxa the air 182 160 185 165 135 
% fixation of total 100 81 60 lOi 35 
Birdsfoot trefoil 
First cutting 
N adds, in 8 vks. mg./pot 0 80 320 560 800 
H uptake mg./pot 86 196 267 317 368 
Fraa fertilizer 0 23 226 287 3U3 
Fixed from the air 1$ 162 30 19 lU 
% fixation of total 100 83 11 6 k 
Second cutting 
M adds, in 5 vks. mg./pot 0 56 225 39U 563 
N uptake mg./pot 67 I6l 2lU 291 376 
From fertilizer 0 36 II48 266 361 
Fixed from the air 67 125 66 25 15 
% fixation of total 100 78 31 9 h 
Third cutting 
N adds, in 8 uks. mg./pot 0 55 220 385 550 
N uptake mg./pot ll;3 26U 317 U32 li86 
From fertilizer 0 6l 22U 399 U51; 
Fixed from the air m3 203 92 33 32 
% fixation of total 100 77 29 8 7 
Roots 
N uptake mg./pot 85 177 191 161 159 
Ftom fertilizer 0 32 111 133 ms 
Fixed from the air 85 139 73 21 k 
% fixation of total 100 79 38 13 3 
^2 
percentage fixation as well as a decrease in total fixation. With soy­
beans, however, total nitrogen fixed increased as the nitrogen addition 
increased* 
Birdsfoot trefoil, on the other hand, reacted to the addition of 
nitrogen in quite a different way. Even the lowest rate of nitrogen 
addition resulted in a diminution of fixation although there was a marked 
increase in growth and total nitrogen uptake# 
In lable lU are presented the data on nitrogen uptake and fixation 
by leguminous plants grown for a period of 22 weeks, during which three 
cuttings were made# Unfortunately, the yield of the second cutting of 
sweet clover was lost before total and isotopic nitrogen analysis could 
be made* 
In the case of alfalfa, the amount of nitrogen fixed from the air 
increased in the second and third cuttings over the first. The increase 
was at all the rates of nitrogen additions* However with sweet clover 
and birdsfoot trefoil, the increase in the amount of nitrogen fixed, was 
not consistent. 
Recovery of Added Nitrogen in Legumes and Qrasses 
Isotopic nitrogen was applied to the grasses grown in gravel to 
provide a measure of the nitrogen supplied by the substrate and the 
seeds. As indicated previous, the amount of nitrogen supplied by the 
gravel and the seeds was estimated to be about 17 milligrams per pot* 
This amount was used as the correction factor in calculating the per­
centage of recovery of added nitrogen* 
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In general, 8555 of the added nitrogen was recofvered in the leguminous 
crops (Table 15)» The nitrogen recoveries were slightly higher in the 
legumes grown through the 22 week period than in those grown for only 10 
weeks. A mean of 91^ of the added nitrogen was recovered by the grasses. 
There were no significant differences in the recovery at the various levels 
of nitrogen additions in legumes, except with birdsfoot trefoil when more 
nitrogen was added at the higher rates than the crop could absorb. With 
the grasses, on the other hand, there was a tendency for recovery to de­
crease as the rates of nitrogen additions increased. 
Recovery tended to be definitely higher in the grasses than in the 
legumes. A statistical analysis of the 'difference is difficult because 
part of the sweet clover samples were lost. 
The Effect of Legume-grass Association on 
the Nitrogen Uptake and Firation 
Nitrogen uptake by both legumes and grasses and the amount of nitrogen 
fixed by the legumes when grown either alone or in association, is given 
in Table 16. In the alfalfa-brcme grass association, much less nitrogen 
was fixed but about the same percentage fixation as when the alfalfa was 
grown alone. Also the growth of brome grass was reduced in the association 
with alfalfa. 
Total nitrogen tjaken up by the combined crops in association, at all 
levels of nitrogen fertilization was lower than that taken up by alfalfa 
grown alone. Much more nitrogen was fixed when grown alone than when in 
association with brome grass, but somewhat more of the f0rtili7er was 
Table 15. Recovery of fertilizer nitrogen by legumes 
and grasses. 
Crop 
N uptake 
from fert, 
mg,/pot 
% Recovery 
Soybeans 
10 viks. of growth 
- Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
Lading clover 
10 wks. of growth 
Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
Sweet clover 
10 wks. of growth 
Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
Alfalfa 
lO wks. of growth 
Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
22 wks. of growth 
Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
Birdsfoot trefoil 
10 wks, of growth 
Total N adds. 
Total N adds. 
Total N adds. 
Total N adds. 
Legumes 
80 mg./pot 68 
320 mg,/pot 252 
560 mg./pot U6l| 
800 mg./pot 6I48 
80 mg./pot 63 
320 mg./pot 282 
560 mg./pot 527 
800 mg./pot 609 
80 mg./pot 73 
320 mg./pot 261 
560 mg./pot 505 
800 mg./pot 756 
80 mg./pot 73 
320 mg./po-fc 285 
560 mg./pot U72 
800 mg./pot 725 
191 mg./pot 169 
765 mg./pot 609 
1339 mg./pot IO83 
1913 mg./pot 1598 
80 mg./pot 73 
320 mg./pot 2I16 
560 mg./pot 329 
800 mg./pot 375 
85 
79 
83 
81 
80 
88 
9h 
76 
90 
82 
90 
9U 
90 
89 
8U 
91 
85 
80 
81 
8U 
90 
72 
59 
U7 
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Table l5• (Continued) 
iTup^ake 
Crop from fert. % Recovery 
mg./pot 
Legumes (Continued) 
Birdsfoot trefoil (Continued 
22 viks, of grouth 
Total N adds. 191 mg./pot 152 80 
Total N adds. 765 mg./pot 709 93 
Total N adds. 1339 mg./pot 1085 8l 
Total N adds. 1913 mg./pot I306 68 
Grasses 
Sudan grass 
22 wks. of growth 
Total N adds. 191 mg./pot 183 96 
Total N adds. 765 mg./pot 7U3 97 
Total N adds. 1339 mg./pot I2I49 93 
Total N adds. 1913 mg./pot I63O 85 
Orchard grass 
22 wks. of growth 
Total N adds. 191 mg./pot I76 92 
Total N adds. 765 mg./pot 730 
Total N adds. I339 mg./pot 12U9 93 
Total N adds. 1913 mg./pot I63O 85 
Brome grass 
22 wks. of growth 
Total N adds. 191 mg./pot I69 89 
Total N adds. 765 mg./pot 7ij3 97 
Total N adds. lis39 mg./pot 1223 91 
Total N adds. 1913 mg./pot l507 79 
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Table l6« The effect of grass-legume associations on the 
nitrogen uptake by each and on the nitrogen 
fixation in the legume* 
Crop and nitrogen fixation 
N adds, in 
0 
mg./pot rag 
7 wks. 
300 
./pot "tg'/pot 
Alfalfa alone 
Total N uptake rag./^ot 
From fertilizer mg./^ot 
From air and gravel mg./pot 
Brome grass alone 
Total N uptake mg./^ot 
From fertilizer mg./pot 
From gravel mg./pot 
Alfalfa with brome grass 
Total N uptake mg./pot 
From fertilizer mg./pot 
From air and gravel mg./pot 
Brome grass with alfalfa 
Total N uptake mg./pot 
From fertilizer mg./pot 
From gravel mg./pot 
Alfalfa and brome grass 
Total N uptake mg./pot 
From fertilizer mg./pot 
From air and gravel mg./pot 
Soybeans alone 
Total N uptake mg./pot 
From fertilizer mg./pot 
From air and gravel mg./pot 
Sudan grass alone 
Total N uptake mg./pot 
From fertilizer mg./pot 
From gravel mg./pot 
Soybeans with Sudan grass 
Total N uptake mg./pot 
From fertilizer mg./pot 
From air and gravel mg./pot 
716 
0 
716 
13 
0 
13 
li71 
0 
I471 
8 
0 
8 
1+78 
0 
U78 
670 
0 
670 
11 
0 
11 
758 
0 
758 
898 
199 
699 
213 
187 
26 
391 
116 
275 
17li 
l$k 
20 
565 
270 
295 
1012 
287 
725 
22U 
206 
18 
1022 
I7I1 
8U8 
7liO 
297 
Ult3 
318 
302 
16 
U58 
158 
300 
2n 
191 
20 
669 
31+9 
320 
1172 
lil2 
730 
235 
209 
2U 
1638 
363 
1275 
57 
Table 16. (Continued) 
N adds, in 7 wks. 
Crop and nitrogen fixation 0 300 ^39 
mg./pot mg./pot mg./pot 
Sudan grass vii'Ui soybeans 
Total N uptake mg./pot 9 88 72 
From fertilizer mg./pot 0 77 6I4. 
From gravel mg./pot 9 11 8 
Soybeans and Sudan grass 
Total N uptake mg./pot 767 1110 1710 
From fertilizer mg./pot 0 251 U27 
Ftom air and gravel mg./pot 767 859 1283 
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recovered in tha crops when the two were grown together. For the experi­
mental conditions and the associated crops, there were no over-all 
advantages from growing the plants in association with each other. 
In the case of soybeans and Sudan grass some over-all benefits arose 
from the association. About the sane amount of fertilizer uptake resulted 
in the association as when soybeans were grown alone, but considerably 
more fixation of nitrogen. Soybeans seriously ccmpeted with Sudan grass 
in the association resulting in a marked decrease in growth and nitrogen 
uptake. 
Effect of High Concentration of Available Nitrogen 
on Yield and Nitrogen Fixation 
In Table 17 are shown the results of the study with high concentrations 
of available nitrogen. With alfalfa scsne growth response and increase in 
total nitrogen uptake occurred up to an addition of 1^00 milligrams of 
nitrogen per pot, At the higher rate, however, yield was decreased and 
nodules were absent on the roots when both 1^00 and 3^00 milligrams of 
nitrogen were applied. The critical nitrogen concentration for nodulation 
in alfalfa, was gonewhere between 600 and 1^00 milligrams of nitrogen 
par pot for the conditions of the experiment. 
In soybeans, as with alfalfa, some grcwth response and increase in 
nitrogen uptake occurred with nitrogen additions up to 1^00 milligrams 
per pot. However, no marked decrease occurred in soybeans when 3500 
milligrams of nitrogen weire applied. Nodules were absent on soybean roots 
only when the highest nitrogen rate was applied. The root systems of 
soybeans showing the presence and absence of nodules are shown in Picture 1» 
Table 17• liold and nitrogen content of loguminous crops 
grown with high concontrations of available 
nit-rogen in gravel cultures. 
Nitrogen* Yield Nitrogen Yield H 
adds. of Total iPo From From of content 
mg,/pot tops mg./pot atom % fert. air roots mg./pot 
g./pot excess mg./pot mg./pot g»/pot 
Soybeans 
0 10.0 2U6 ** 2h6 5.0 119 
12.2 273 — 273 U.9 121 
600 26.0 663 .70 281 382 9.0 19li 
2U.5 615 .81 302 313 7.8 176 
1500 lt2.5 835 1.39 703 132 8.9 251 
iai.5 1010 1.29 790 220 11.9 272 
3500 3U.5 1197 1.6U 1190 7 6.9 168 
32.3 1009 1.61 1062 27 6.8 182 
Alfalfa 
0 6.2 218 218 2.U 62 
8.3 2U7 2U7 2.8 68 
600 8.7 275 1.51 251 2h 3.0 76 
7.U 239 1.U6 211 28 2.9 70 
1500 8.6 317 1.59 306 11 2.li 75 
9.5 356 1.56 337 19 2.2 68 
3500 1.9 72 1.56 68 li • U 
2.1 81 1.61 19 2 .6 
* Total of 5 weekly additions 
Picture 1. The effect of nitrogen additions on root development and 
nodulation of soybeans. 
Rates of ammonium sulfate added per week for a period 
of 5 weeks were respectively from left to right: 
0 mg./pot, 600 mg./pot, 1^00 mg./pot and 3500 mg./pot. 
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Relative Absorption of Ammonium and Nitrate Ions 
The results of the study of the relative absorption of ammonium and 
nitrate ions are shown in Tables 18 and 19, The yields of the dry matter 
obtained in the study are shown in Table 18. No yield differences were 
ejected but the data are presented to demonstrate the uniformity in 
growth and total nitrogen absorption in the parallel systems of fertili­
zation? the one when the ammonium ions of the ammonium nitrate were 
labeled, and the other when the nitrate ions were labeled. 
The data in Table 19 show that ammonium and nitrate ions were absorbed 
in about the same proportions in each study. The sirailarity of the 
absorption patterns are further illustrated in figure 
Estimation of Nitrogen Fixation in Soils 
The nitrogen uptake of the grasses grown in gravel cultures is shown 
in Teble 20 for the three cuttings of the tops end roots. Individual 
data on each sample is given in Table 27 in the appendix. 
Nitrogen uptake in the top growth when grown in the soils is sum­
marized in Tables 21 and 22, The individual sample data are given in 
Tables 28 and 29 in the appendix. 
An evaluation of the nitrogen supply in the soils, in terms of the 
amount of nitrogen supplied to Ihe gravel culture, was made by comparing 
the nitrogen uptake in the top growth of the grasses in the two media. 
An examination of the nitrogen uptake data, in the top growth of the 
grasses grown in gravel solution culture shows no significant differences 
I I I !  I  " "  I I 
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Table 18, Nitrogen additions and yields of dry matter in 
the study of absorption of anmoniuia and nitrate 
ions. 
Crops 
Growth 
period 
in days N adds. 
mg,/pot 
source 
Dry wt. 
Me»/pot 
N adds. 
mg./pot 
NHi.H^^On 
adds* 
rag»/pot 
Soybeans 27 
60 
Alfalfa 33 
60 
Sudan grass 27 
60 
191 
330 
191 
330 
191 
330 
U.l 
3.8 
9.6 
10.1 
1.7 
1.8 
U.li 
U.7 
2.3 
2.2 
12.9 
12.6 
199 
331 
199 
331 
199 
331 
U.2 
U.3 
10,3 
9.7 
2.0 
1.8 
3.9 
U.l 
2.6 
2.7 
11.3 
13.2 
Table 19. Ammonium and nitrate ion uptake by legumes and grasses during two 
periods of growth. 
Growth Ni? source 
Crops in d^s Rate 
add. 
mg./pot 
N uptake 
mg./pot 
Atom % 
excess 
N15 
Nft 
absorbed 
mg./pot 
Bate 
add, 
mg./pot 
N uptake 
mg./pot 
Atom % 
excess 
Nir 
KD-
absorbed 
mg./pot 
Soybeans 27 191 112 .81 25 199 llh 1.90 27 
102 .96 27 108 2.09 28 
60 330 227 37 331 2it6 1.20 36 
238 .55 36 237 1.09 29 
Alfalfa 33 191 55 .98 15 199 73 1.U7 13 
63 .93 16 69 1.71 15 
60 330 138 .ia 16 331 137 .80 lii 
1U3 .ho 16 1U2 .85 15 
Sudan grass 27 191 62 1.U5 23 199 78 2.36 23 
60 i.ia 22 81 2.19 22 
60 330 137 1.2U h7 331 187 1.68 37 
13U 1.23 li5 166 1.75 36 
emplcqred contained 3*63 atom % excess 
employed contained 8,lU atom % excess 
Figure Ammonium and nitrate absorption by legumes and grasses at 
two different stages of growth. 
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Table 20, Yield and nitrogen content in tops and roots of 
the grasses. The plants were grown in solution 
cultures in gravel, supplied with various levels 
of fertilizer nitrogen. 
10 wks. growih 6 wks . growth 6 wks. growth 22 wks. growth 
N adds. Total N N adds. Total N N adds. Totan N Total N 
in 8 wks. uptake in 5 wks • uptake in 5 wks . uptake in roots 
mg./pot rag./pot mg./pot mg./pot mg./pot mg./pot mg./pot 
Sudan grass 
0 9 0 0 0 0 h 
80 65 56 Ul 55 52 U3 
320 277 225 161 220 171 152 
560 U26 39U 318 385 299 22U 
800 522 563 UU7 550 39U 285 
Orchard grass 
0 9 0 0 0 0 7 
80 59 56 37 55 53 U5 
320 238 225 177 220 228 105 
560 396 39U 339 385 36U 115 
800 507 563 511 550 U55 12U 
Brome grass 
0 9 0 0 0 0 6 
80 60 56 39 55 U5 U3 
320 215 225 210 220 201 135 
560 U37 39U 3U8 385 315 111 
800 5U6 563 U08 550 U21 m7 
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Table 21. The mean yield and total nitrogen of the grasses 
grown in soils of varying fertility levels. 
Sudan grass Orchard grass Brome grass 
Soils Dry wt» 
tops 
g./pot 
Total N 
content 
mg./pot 
Dry wt. 
tops 
g./pot 
Total N 
content 
rag./pot 
Dry. wt. 
tops 
g./pot 
Total N 
content 
mg./pot 
Mean 
Clyde U^.U U37 II4.U 383 13.3 U03 1^08 
Clinton 29.6 295 11.8 269 8.6 2U8 267 
Muscatine 29.3 267 10.2 2li0 7.7 226 2itU 
Monona 25.6 202 8.5 180 7.6 210 197 
Haig 17.7 203 6.6 165 6.3 I7U 181 
Fayette l^.li 19U 5.5 1^6 5.3 161 167 
Taintor 12.3 179 5.0 135 U.7 150 155 
Webster 17.7 157 5.8 137 5.6 158 1U7 
Kahaska 11.5 1U6 U.5 126 U.l 128 133 
Edina 15.9 130 5.6 128 h.5 128 129 
Carrington 10.8 1U2 3.9 llU U.o 132 129 
Nicolett 11.3 103 3.7 103 3.7 118 108 
Clarion (l) 9.7 96 k.o 102 U.2 102 100 
Clarion (2) U.6 I47 2.3 55 2.0 U8 50 
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Table 22* Held and nitrogen content of grasses (second 
and third cuttings combined) grown In soils 
of varying fertllliy levels. 
Sudan grass Orchard grass Brome grass 
Soils Dry wt, 
tops 
g./pot 
Total N 
content 
mg./pot 
Dry wt. 
tops 
g./pot 
Total N 
content 
mg./pot 
Dry wt. 
tops 
g./pot 
Total N 
content 
mg./pot 
Clyde 11.7 110.5 8.2 108.3 7.0 nil. 8 
Clinton 7.$ 89.9 6.6 ns.ij U.7 100.U 
Muscatine 8.3 103.0 7.2 12U.U 5.0 102.0 
Monona 5.9 68.0 5.6 86.7 3.7 61,5 
Haig 7.2 75.3 8.1 152.2 5.2 lll.U 
Fayette 5.6 67.6 7.1 121.6 5.U 106.2 
Taintor 5.2 58.2 3.5 57.U 3.0 57.1 
Webster 5.5 62.3 U.l 72.3 U.l 81.7 
Mahaska 5.8 72.0 6.3 113.8 3.6 80.6 
Edina 5.2 55.8 3.8 72.U 2.7 56.2 
Carrington 6.U 90.2 5.8 108.7 U.5 9U.5 
Nicolett U.U U6.5 U.o 62.7 2.7 60.7 
Clarion (l) 3.8 58.6 •^2 102.8 3.U 72.1 
Clarion (2) 3.0 31.5 2.3 33.1 2.1 29.3 
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among the grasses. In consequence therefore, a mean of the nitrogen 
uptake in the three grasses, at each of the nitrogen levels from gravel 
culture, was used as a measure of comparison for the soils* 
In Figure 6, the comparison line was constructed by plotting the 
mean uptake data from top growth of the grasses, grown in gravel cultures, 
against the amount of nitrogen applied to the gravel culture. The mean 
nitrogen uptake in the grasses grown in the soils was located on the 
comparison line* Extrapolation to the horizontal axis provided a measure 
of the nitrogen supply in the soil in terms of the amount of nitrogen 
added to the gravel, these estimations are tabulated in Table 23* The 
soils are listed in the descending order of their estimated nitrogen 
supplies* 
Estimation of the probable nitrogen fixation in the legumes may 
be made by the data in Figure 7* Here the percentage fixation of nitrogen 
in the tops and roots of legumes grown for 10 weeks, is ploted against 
the nitrogen supplied to the gravel cultures* The soils are listed at 
the top of the graph in the positions of their relative nitrogen supply. 
Extrapolation down to the legume fixation curves provides an estimation 
of fixation in the several soils. 
imwa 
Figure 6. Relation of the nitrogen supplies in soils to the nitrogen additions made 
in gravel cultures. 
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Table 23» CorapariBon of soils and nitrogen levels by the 
magnitude of total nitrogen uptake by the grasses. 
Soils mg, of M 
Clyde 5U3 
Clinton 355 
Muscatine 322 
Monona 262 
Haig 2ii2 
Fayette 225 
Taintor 210 
Webster 200 
Mahaska 180 
Edina 177 
Carrington 177 
Nicolett 150 
Clarion (1) lli2 
Clarion (2) 77 
Figure ?• Relation of the nitrogen supply made in gravel cultures end the soil 
nitrogen supplies to the percentage of the nitrogen absorbed by the 
legume i^iich came from fixation. 
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DISCUSSION 
Nitrogen fixation varied greatly among tho different logiime species 
tasted uhan equivalent quantities of available nitrogen were supplied to 
the plants. Tho reason for divergence in fixation appears associated 
with the difference in the growth habits of the several legumes and in 
the need for and utilization of nitrogen in growth. 
In Figure 8 are ploted the percentage fixation of nitrogen in legumes 
against the ratio of the nitrogen applied to solution culture to the total 
nitrogen absorbed by the plants. This system of graphing provides a com­
parison of the relation of percentage fixation to the need for and use 
of nitrogen. 
In the left hand part of Figure 8, are shcftjn data fr(xn a pravious 
study (Alios 1953)* In the right hand part, are data frcaa the current 
investigation. Both sets of data give linear relationships between per­
centage fixation and the ratio; of nitrogen supplied to nitrogen absorbed. 
In the previous study, low recoveries of added fertilizer nitrogen were 
found. The low recoveries are reflected in the graph in Figure 8, The 
data indicate that, under the conditions of the first experiment, the 
ratio of nitrogen added to nitrogen absorbed should be in the neighbor­
hood of 2 before complete inhibition of fixation is approached. In other 
words, about twice as much nitrogen should be applied as could bs used by 
the plants in order to prevent nodulation and nitrogen fixation. 
In the current study, nitrogen recoveries by the legumes was com­
paratively good, between U7 and 9lS^ of that applied. The high recoveries 
i 
i 
i 
i 
Figure 8. The relationship between percentage nitrogen fixation and the ratio 
between the nitrogen added and total nitrogen uptake. 
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were associated with a more pronounced influence of the added fertilizer 
of the fixation processes. The right hand part of Figure 8 shows that a 
ratio of nitrogen applied to nitrogen absorbed of about 1.1 or 1»2 might 
be expected to completely inhibit fixation. This means that the available 
nitrogen was very effective in replacing nitrogen fixation by the legumes. 
No differences were found among the legumes tested in their utiliza­
tion of fertilizer nitrogen. The percentage recovery in aU legumes, 
except birdsfoot trefoil, was from 76 to 9h% of that applied. In birdsfoot 
trefoil the recoveries ranged from U7 to 90^, The low recovery was not 
because birdsfoot trefoil could not utilize the nitrogen as did the other 
legumes, but because the amount of nitrogen added far exceeded the maximum 
need of the plant for nitrogen. 
Another finding of interest and importance was the similarity among 
legumes in the influence of available nitrogen on the fixation processes. 
The linear relationship between the percentage fixation and the ratio of 
nitrogen added to nitrogen absorbed shows little, if any, differences among 
legume species in the effect of available nitrogen on the fixation processes, 
Nitrogen fixation varied greatly among the different legume species 
tested when similar quantities of added available nitrogen was supplied. 
When the legumes were grown for a period of 10 weeks and ^60 milligrams 
of nitrogen were added,, soybeans fixed 218$ milligrams of nitrogen per potj 
alfalfa fixed 282 milligrarasj sweet clover fixed l|6ii milligrarasi Ladino 
clover fi»e.d.98 milligrams and, birdsfoot trefoil fixed practically none. 
These fixations as percentages of the total nitrogen absorbed were 82, 
37, U8, 15, and 1^, for soybeans, alfalfa, sweet clover, Ladino clover and 
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birdsfoot trefoil respectively. The differences are mainly due to the 
differences in total nitrogen uptake, and the need of the respective 
legumes for nitrogen under the experimental conditions. 
In the case of soybeans, the conditions apparently were highly favor­
able for growth. The nitrogen needs of the plants were high. Nitrogen 
utilization by the plants kept the available supply low and conditions 
favored fixation. In consequence therefore, fixation was high. 
In the previous study. Alios (1953), soybeans did not respond 
significantly to nitrogen fertilization, and the amount of nitrogen fixed 
when no nitrogen was added was only 310 milligrams per pot. The 218$ 
milligrams of nitrogen fixed by soybeans in the current study, took place 
when the fertilizer nitrogen added was 2k% of the total nitrogen absorbed 
by the plants. 
The influences of nitrogen on fixation, in general, agree with the 
results obtained by Thornton (19U6), and those obtained by Norman ai»i 
Krampitz (19U6). Thornton found that when nitrate nitrogen was added, 
equivalent to 3$ and of that nitrogen absorbed by soybeans, fixation 
was 81 and 6^% respectively. In Ihe current study, when ammonium nitrogen 
equivalent to 30^ of the total nitrogen absorbed was added to soybeans 
fixation was 19%» 
Norman and Krampitz (I9ii6), found that 90 and 8ij^ of nitrogen fixation 
took place in soybeans when the amount of added nitrogen was l5 and 2^% 
respectively of the total nitrogen absorbed by the plants. In this study, 
89 and Q2% nitrogen fixation were obtained when the applied nitrogen was 
15 and 2'h% of the total nitrogen absijrbed the plants. 
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TieldB and nitrogen absorption in the successive cuttings varied 
among the legumes. For example, alfalfa produced more dry weight during 
the second and third cutting periods tlian the first, although the 
growth periods in the later cuttings -were much shorter than the first. 
Alfalfa was slow to become well established, but made rapid grovsth once 
established. 
Birdsfoot trefoil was also slow to become established, but made 
Boraewhat lass rapid later growth tiian alfalfa# 
Sweet clover, on the other hand, was most rapid in becoming estab­
lished and made better growth during the first period than in later 
periods. 
Because of the more rapid growth and the greater need for nitrogen, 
alfalfa and birdsfoot trefoil, at similar levels of applied nitrogen, 
fixed nitrogen much more rapidly during later periods of growth than they 
did during the first cutting periodo For example when the rate of nitrogen 
addition was 70 milligrams per pot per week, alfalfa during the first 10 
week period of growth, fixed 121 milligrams of nitrogen per pot, while in 
the second and third periods of growth, the amounts of nitrogen fixed was 
31$ and 503 milligrams per pot, respectively. In terms of nitrogen fixed 
per pot per week, the amounts would be 12, $2 and 8I4 milligrams in the first, 
second, and third cuttings respectively. 
With the exception of birdsfoot trefoil the lowest rate of nitrogen 
addition resulted in both an increase in yield and in an increase in the 
amount of nitrogen fixed frcai the air. The hi^er rates of nitrogen 
additions resulted in increases in yield and nitrogen uptake, but decreases 
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in the amount of nitrogen fixed in all the legumes tested except soybeans. 
However the depression in the amount of nitrogen fixed varied greatly among 
the different leguminous plants. In alfalfa, when the rate of nitrogen 
addition was 10 milligrams per pot per week, $2$ milligrams of nitrogen 
were fixed during a 10 week period of growth; when the rate of nitrogen 
was 100 milligrams per pot per week, the amount of nitrogen fixed was only 
209 milligrams. In birdsfoot trefoil, when the rate of nitrogen addition 
was 10 milligrams per pot per week, 15$ milligrams of nitrogen were fixed 
during the 10 week period, compared to only li milligrams of nitrogen when 
the rate of nitrogen addition was 100 milligrams per pot per week. This 
low fixation of h milligrams of nitrogen is within the limits of the 
experimental error. Thus it can be concluded that, in the case of birds-
foot trefoil, the highest rate of nitrogen addition replaced ccanpletely 
the nitrogen fixation process# 
Although ammonium was employed throughout the study aS the source of 
available nitrogen, the equal absorption of ammonium and nitrate ions by 
selected plants indicates that similar results would have been obtained 
witii the use of nitrate. 
Also, since grasses grown in association with legumes did not benefit 
by obtaining additional nitrogen, it appears unlikely that there is any 
appreciable liberation and reabsorption of nitrogen by the legumes. 
Legume-grass association, however, by absorption of the available nitrogen 
by the grass member, amy serve to increase the percentage fixation in the 
nitrogen used ly the legumes. Under the conditions of the current experiment, 
however, there was also no advantage in total nitrogen uptake by growing 
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the grasses in association with the legumes. 
The nitrogen supplying capacities of the soils, as measured by 
growth of grass, was closely related to both the total nitrogen contents 
of the soils and to the nitrate produced in two weeks of incubation. 
Nitrogen fixation by legumes grown in the soils under field conditions, 
although it can not be predicted with accuracy, is likely to be near the 
estimates made in Figure 7, The current studies were made under green­
house conditions, and were very favorable to the growth of both the grasses 
and the legumes. These favorable growth conditions would naturally lead 
to greater growth, more nitrogen uptake by both legumes and grasses, and 
in consequence greater fixation than would occur under less favorable field 
conditions. On the other hand, the favorable greenhouse conditions, 
along with air drying the soils before planting, tended to increase the 
nitrogen availability and thus the growth of grass in ihe soil. These 
exaggerated estimations of nitrogen release from soil on the one hand, 
and increased growth and nitrogen fixation in gravel cultures in the 
greenhouse on the other, should largely compensate for each other in 
estimating nitrogen fixation under field condition. 
In ordinary soils, containing from 0.20 to 0.30^ of nitrogen, alfalfa 
and sweet clover should fix frtsn 60 to 75^ of the nitrogen absorbed. This 
proportion may be allittle less during the first season and a little more 
during the second growth season, particularly when iiie legumes are making 
rapid growth. For Ladino clover and birdsfoot trefoil the fixation in 
similar soils is not likely to be more than 2$ to 605?, the leaser fixation 
occurring during the first season particularly with the slow growing trefoil. 
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Soybeans in tho current study fixed large saaounts of nitrogen under 
all nitrogen nutritional conditions. Since the results of experimental 
work have been so variable, a good estimate of fixation by soybeans can 
not be made. In the light of past studies Norman and Krampitz (19U6), 
and Alios (19^3) » soybeans are not likely to always fix as much nitrogen 
as is indicated in this study. Since soybean growth and yield have been 
found to closely follow general fertility levels, fixation made under 
field conditions is likely to be much lower than is indicated here. 
Bj: 
SUMMAKf AND CONCLUSIONS 
The absoiption of nitrogen from the air arrf frcsn added fertilizer 
was measured in legumes when varying quantities of fertilizer were added. 
The plants were grown in gravel cultures and supplied with mineral elements 
in nutrient solution through an automatic irregating devices The ammonium 
nitrogen applied to the gravel culture was enriched with to provide a 
measure of the absorption from the fertilizer and from the air. 
To relate the nitrogen supply obtained in the nutrient gravel culture 
to soil conditions, grasses were grown in both a number of typical soils and 
in the gravel cultures. 
In tho legumes studied, with the exception of birdsfoot trefoil, the 
lowest rate of nitrogen applied to solution culture resulted in an increase 
in yield and in the amount of nitrogen fixed. The higher rates of nitrogen 
addition, with the exception of the case with soybeans, resulted in pro­
gressive increases in yield and nitrogen absorption, but decreases in 
the amount of nitrogen fixed. 
Under the conditions of the experiment, the fixation mechanisms did 
not furnish sufficient nitrogen for maximum growth of tho legumes. Added 
nitrogen tended to inci'ease yields and to replace the fixation processes# 
The influences of available nitrogen on the fixation processes were 
similar in all of the legumes studied when considered from tlie stand point 
of nitrogen applied in relation to the total nitrogen needs of the legumes. 
Recoveries of added ammonium nitrogen ranged from 76 to 9ii^ in the 
legume crops, to from 79 to 975^ in the grasses. 
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Kifcrate and auiraoniura ions from amraonim nitrate fertilizer were 
absorbed in about equal proportions by alfalfa, soybeans, and Sudan 
grass, indicating that similar results in nitrogen up'teke by legumes, 
and inhibition of fixation should be expected had a nitrate fartilisGr 
been employed in place of amraonium. 
The conclusion is reached that in soils containing from 0,2 to 0.3?! 
of nitrogen, alfalfa and sweet clover normally fix from 60 to 7^% of the 
nitrogen absorbed. For Ladino clover and birdsfoot trefoil, under the 
above soil conditions, lUxation would range between 25 and 60% of the 
nitrogen abaorbedj the lower fixations occurring in the first growing 
season, and particularly with birdsfoot trefoil. 
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APPENDIX 
Table 2U> Tield and nitrogen content In tops and roots of legruoinous crops* 
The plants vera grown in solution cultures in gravel supplied with 
varying levels of fertilizer nitrogen. 
N adds. Nitrogen" 
in 8 -wks. 
mg./pot 
of tops 
g./pot 
Total 
mg./pot 
N15 
atcstt % 
excess 
From 
fert. 
mg./pot 
From air 
& gravel 
mg./pot 
of roots 
g./pot 
Total 
mg./pot 
KJ-i> From 
atom % fert. 
excess mg./pot 
From air 
& gravel 
mg./pot 
SoQTbean 
U$.9 lUoo lUoo 9.6 3U9 -o 3U9 
0 U2.U 1329 — — 1329 8.3 288 — — 288 
lil.O 1279 — 1279 9.2 3U7 — — 3li7 
Uo.i 1395 .07 58 1337 8.9 309 .08 15 29U 
80 U7.8 1U53 .05 UU lli09 9.3 270 .12 19 251 
52.8 1605 .06 h8 1557 9.8 299 .11 20 219 
7h.3 2182 .lU 183 1999 11.8 liOO .23 55 315 
320 70,2 2U8 .15 193 1955 11.6 1;06 .23 56 350 
51.3 202h .17 206 1818 10.3 376 .28 63 313 
70.5 2U11 .27 390 2021 12.0 386 .32 7h 312 
^60 69.3 2293 .27 371 1922 11.7 366 .31 68 298 
71.0 2166 .30 389 1777 12.0 377 .31 70 307 
83.6 2U22 .39 566 1856 13.1 386 .142 97 289 
800 96.U 2709 .32 519 2190 13.9 U89 .la 120 369 
100.6 2866 .31 532 233U Hi .3 392 .li7 109 283 
VO 
•P-
Tabla 2U* (Continued) 
N adds. Dry wt. Hitro^n Dry wt. Nitrogen 
in 8 wks. of tops Total From Fron air of roots Total From From air 
mg»/pot g./pot mg,/pot atom % fert, & gravel g./pot mg./pot atom % fert. & gravel 
excess mg./pot mg./pot excess mg./pot mg./pot 
Alfalfa 
10*1 31»9 — — 3l<9 7.1 217 — — 217 
0 9.5 318 — — 318 5.3 178 — — 178 
7.8 292 — — 292 5.9 185 — — 185 
9.9 313 .23 h3 270 6.U 178 .Wt kh I3U 
80 13.2 U91 .16 h7 UliU 7.8 21)4 .16 21 193 
12.9 U35 .16 h2 393 7.5 213 .18 23 190 
13.9 li60 .72 198 262 8,0 218 .60 78 lUO 
320 12.2 397 .78 185 212 6,2 191 .70 82 109 
12.7 U28 .89 213 215 6.7 200 .83 99 101 
16.0 2|85 1.16 337 lit8 8.8 263 .98 I51i 109 
560 16.8 538 1.05 338 200 9.9 292 .8ii lii7 1U5 
IU.6 U91 1.23 362 129 8.0 2h2 .88 128 111; 
19.5 6lli 1.U3 526 88 11.9 30k 1.20 218 86 
800 21.6 592 l.Ut 510 82 12.2 309 1.16 215 9li 
19.7 623 1.33 U96 127 12.1 311 1.13 210 101 
Table 2U« (Continued) 
N adds. Dry vt. _.Nitrogen 
i 8 vks. 
:./pot 
of tops 
g./pot 
Total 
mg./pot atom $ 
eX(»s8 
Rrom 
fert. 
mg./pot 
From air 
& graivel 
ng./pot 
of roots 
g./pot 
Total 
mg./pot 
N15 
atom ^  
excess 
From 
fert, 
mg./pot 
Prom air 
& gravel 
mg./pot 
Sweet Clover 
7.5 263 263 3.0 127 127 
0 11.0 397 — •• 397 3.5 iho — — HiO 
7.2 275 — 275 3.U 137 — — 137 
11.2 iOlt .17 h2 372 3.2 139 .37 31 108 
80 12.0 liBO .16 hS U3U 3.8 11|8 .36 32 116 
11.1 lOl .19 hi 367 3.8 159 .22 21 138 
12.ii 529 .59 187 3U2 5.9 219 .55 72 1U7 
320 II1.3 506 .61 185 321 6.3 198 .59 70 128 
lli.8 530 .59 187 3h3 6.h 209 .55 81t 125 
18.U 60U .97 351 253 13.9 32U .86 167 157 
560 17.5 595 1.03 361 22ii 13.2 319 .80 153 166 
25.1 729 .78 3I4O 389 llj.8 3U7 .69 lli3 20U 
20.9 686 1.22 500 186 16.2 too 1.10 263 137 
800 21.U 699 1.13 lt73 226 15.1 h08 1.09 266 lk2 
28.0 770 1.10 508 262 17.1 U20 1.02 257 163 
Ov 
Table 2U. (Continued) 
N adds. Hitroeen Dry wt. 
mg ./pot 
80 
320 
560 
800 
of tops 
g./pot 
Total 
mg./pot 
N-Li> 
atom yS 
excess 
From 
fart. 
mg./pot 
From air 
& gravel 
mg./pot 
of roots 
g./pot 
Total 
mg./pot atom % 
excess 
From 
fert, 
mg./pot 
Rrom air 
& gravel 
mg./pot 
Ladino Clover 
6.5 207 ,  , 1  207 1.1 35 35 
U.2 137 — — 137 1.2 U3 .. li3 
U.3 150 — — 150 1.2 li2 1;2 
8.8 307 .28 52 255 1.7 58 .30 10 h8 
6.3 207 .35 1J3 16U 1.6 h$ .U3 12 33 
7.6 271 .35 56 215 1.5 52 .55 17 35 
11.3 330 1.25 2li7 83 2.1 100 .714 hh 56 
15.0 lt50 .78 210 2140 3.2 102 .76 U6 56 
9.8 325 l.liO 272 53 1.9 67 .69 28 39 
13.9 560 l.UO U69 91 2,6 82 1.32 65 17 
13.6 556 1.21 U03 153 3.3 95 l.UO 80 15 
12.9 530 l.ii9 U73 57 3.2 109 1.U2 93 16 
IU.5 57U 1.58 538 36 3.14 116 1.35 9h 22 
lU.l 563 1.55 523 Uo 3.3 108 1.33 66 22 
21.U 6k2 1.26 U6U 158 3.9 120 1.U2 102 18 
Table 2U» (Continued) 
U adds. Dry wt. Nitrogen ~ Dry wt« Nitrogen ~ 
in 8 wks, of tops Total Frcsa From air of roots Total From From air 
mg./pot g./pot mg./pot atom % fert. & gravel g./pot mg./pot atom % fert, & gravel 
excess mg./pot mg./pot excess mg./pot mg./pot 
Birdsfoot Trefoil 
3.U 110 110 1.0 37 — ... 37 
0 3.6 ll6 116 1.1 U5 -- U5 
6.7 208 •— — 208 2.U 73 — 73 
7.U 200 .56 67 133 1.8 69 .27 11 58 
80 5.6 183 .56 61 122 l.U 53 .U3 lU 39 
5.8 176 .50 53 123 1.5 55 .U2 lU Ui 
10.3 292 1.28 22U 68 2.2 69 .96 Uo 29 
320 9.2 259 1.32 205 5U 1.7 58 i.oU 36 22 
6.9 2hh 1.38 202 U2 1.8 50 1.09 33 17 
9.3 297 1.60 285 12 1.1 35 1.I49 31 U 
560 9.5 309 1.58 292 17 l.U U9 1.51 UU 5 
8.9 320 1.58 303 13 1.1 36 l,U6 32 U 
10.1 353 1.59 336 17 I.I4 . 51 1.38 U2 9 
800 9.2 330 1.60 316 111 l.U 53 1.50 U8 5 
9.1 356 1.60 3UI 15 1.3 U6 1.53 U2 U 
99 
Table 25. Yield and nitrogen con 
The plants were grown 
10 wka. period of growth 6 wka. 1 period 0 
adds, 
1 8 wks. 
:./pot 
Dry wt, 
of 1st, 
cutting 
e./pot 
Nitroffen N adds, 
in 5 wks. 
mg./pot 
Dry wt, 
of 2nd. 
cutting 
g./pot 
M 
Total 
mg./pot atom 
exceaa 
from 
fert, 
mg./pot 
From air 
& gravel 
mg./pot 
Total 
mg./pot 
#5 
atom 
exces 
6,2 22U 22k ll.U 471 
0 7.^ 266 — — 266 0 10.6 Ul5 
io,h 337 — — 337 12.6 U83 
9.7 3U1 .2U 49 292 
56 
11.9 458 .12 
80 9.^ 33^ .20 30 29U lU,8 5^8 .09 
8.8 309 .19 35 27H 13.4 508 .08 
9.^ 286 .93 159 127 1U.5 518 .»+5 
320 12.6 .62 163 277 225 16,7 583 .35 
11.8 372 .87 191^ 180 16,2 565 .hi 
560 
12.7 U03 I.2U 299 lOU 1U.6 50s .83 
15.1 U27 1.00 256 171 39U 16.8 563 *56 
iH.l 455 1.22 332 123 16,1+ 5U6 .70 
15.8 479 I.U9 U27 52 17.1 652 .93 
800 16.8 523 1.46 U57 66 563 17.J+ 65s .90 
IU.2 U66 1.58 kkl 25 15.9 588 1.08 
7.3 288 288 10.5 
0 11.2 392 — — 398 0 SA — — 
7.9 302 — 302 8.2 — — 
10.1 357 .17 36 321 
56 
9.2 — —  — 
80 7.8 297 .25 45 252 12.2 — 
8.2 300 .22 Uo 260 10,1 — — 
15.6 568 .50 170 398 11,8 
320 1U.8 555 .68 226 329 225 11.7 — — 
13.3 508 .59 180 328 12,2 — 
17.9 602 1.16 1+17 185 12.9 
560 18.5 618 1.21 kkz 170 39U 11,9 
23.1 672 1.07 U31 2U1 13.5 

Leld aad nitrogen content of first, second, third cuttings, and the roots of leguminous crops, 
le plants were grown in solution cultures in gravel, supplied v/ith varying levels of fertilizer nit 
6 wks. period of growth 6 wka. period of growth 
wt. 
2nd, 
ting 
30t 
Nitro/ran N adds, 
in 5 wks. 
mg./pot 
Dry wt. 
of 3rd, 
cutting 
ig./pot 
Nltroe*fin 
Total 
mg./pot 
N15 
atom ^ 
excess 
ffrom 
fert, 
mg./pot 
From air 
& gravel 
mg./pot 
Total 
mg./pot atom ^ 
excess 
From 
fert. 
mg./pot 
Fr 
& 
Alfalfa 
.U kn •••MM kn 19.1 581 P 
.6 Ul5 —• U15 0 17.6 6l4 6 
.6 US3 • US3 18.5 609 
— — 
e 
.9 U58 .12 33 425 16.5 658 .13 51 
.8 5U8 .09 30 518 55 20.4 673 .15 60 E 
.U 508 .08 2k 1|8U 21.5 768 .09 4l 1 
.5 518 .^5 lUo 378 19.2 655 .46 180 1 
.7 583 .35 122 kSl 220 23.7 747 .34 152 p 
.2 565 .hi 139 U26 19.4 611 .43 157 i 
.6 508 .83 253 255 19.7 674 .75 303 
.8 563 *56 189 3 f k  385 21.4 74O .63 279 i 
.H 5U6 .70 229 317 25.4 991 .53 315 ( 
.1 652 .93 363 289 23.6 743 .86 383 
i 
.u 658 .90 355 303 550 22.5 857 .77 395 
.9 588 1.08 380 208 22.7 851 .95 484 
-
Sweet Clover 
1.5 -- 9.6 363 MM* • 
— —• — 0 7.6 296 — 1 
1.2 — — — 8.2 319 iW — 
1.2 •n— 8.9 348 .22 46 
».2 — 55 9.3 334 .22 44 
).l 
— 
•i •• 
•— 8.7 332 .22 44 
-.8 -••a 11.7 449 .66 X77 
-.7 220 11.2 475 .65 18^ 
?.2 
— •— 13.3 492 .59 174 
?.9 12.9 475 1.30 370 
L.9 —• 385 13.7 482 1.02 305 
5.5 — — 13.1 486 1.15 335 

, and the roots of leg:umlnoiis crops. 
Led with varying levels of fertilizer nitrogen. 
I 
6 wka. period of growth 22 wk8. period of growth 
Dry wt. 
of 3rd, 
cutting 
«./pot 
Nitroj?«n Dry wt. 
of roots 
g./pot 
Ni trftiwii 
Total 
mg./pot atom ^ 
excess 
From 
fert, 
mg./pot 
From air 
& gravel 
mg./pot 
Total 
mg./pot atom fi 
excess 
From 
fert. 
mg./pot 
From air 
& gravel 
mg./pot 
19.1 
17.6 
IS. 5 
581 
61U 
609 
— 581 
6ll^ 
609 
1U.5 
13.1 
19.3 
^02 
398 
562 
— 
U02 
398 
562 
16.5 
20.^ 
21.5 
653 
673 
76s 
.13 
.15 
.09 
51 
60 
kl 
607 
613 
727 
1U.9 
1U.3 
18.4 
klG 
390 
5Ug 
.15 
.15 
.13 
37 
35 
»^3 
379 
355 
505 
19.2 
23.7 
19.u 
655 
611 
.U6 180 
152 
157 
^75 
595 
i+5i+ 
17.6 
17.7 
18.0 
»+97 
U66 
507 
- >^9 
.50 
1U6 
123 
152 
351 
3'i-3 
355 
19.7 
21.U 
25.U 
67U 
. 7^ 
991 
.75 
.63 
.53 
303 
279 
315 
S 
676 
22.5 
21.3 
22.U 
661+ 
605 
633 
.75 
.70 
.63 
298 
25I+ 
2U1 
366 
351 
397 
23.6 
22.5 
.22.7 
7U3 
857 
851 
.86 
.77 
.95 
383 
395 
ksk 
360 
U62 
367 
22.6 
21.1+ 
23.^ 
65s 
659 
697 
.96 
.97 
.97 
378 
383 
U05 
280 
276 
292 
9.6 
7.6 
S.2 
363 
296 
319 
-- 363 
296 
319 
7.1 
6.9 
5.0 
209 
19U 
165 
— 
— 
209 
19^^ 
165 
8.9 
9.3 
S.7 
3US 
33U 
332 
.22 
.22 
.22 
U6 
UU 
302 
290 
288 
7.3 
6.6 
5.0 
202 
217 
170 
.22 
.26 
.26 
27 
3U 
27 
175 
183 
1U3 
11.7 
11.2 
13.3 
14^+9 
U75 
U92 
.66 
.65 
.59 
177 
185 
nh 
272 
290 
318 
10.0 
lO.U 
10.0 
31^ 
306 
302 
.61 
.63 
.61+ 
115 
115 
116 
199 
191 
186 
12.9 
13.7 
13.1 
U75 
Ug2 
Ug6 
1.30 
1.02 
1.15 
370 
305 
335 
105 
177 
151 
11.1 
9.3 
15.6 
278 
283 
U5U 
1.21 
1.06 
.80 
201 
180 
218 
77 
103 
236 
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Tal)le 25* (Continued) 
10 vka. period of grovrth 
adds. Dry wt. ,^ Nitrogen N adds. Dry vrt. 
L 5 wks. of let. 'iJotal From ffrom air in 5 wks. of 2nd. Total 
:./pot cutting mg./pot atom ^ fert. & gravel rag./pot cutting mg./pot 
g./pot excess mg./pot rm./vot g./pot 
27.0 800 1.12, 537 263 13.8 
800 20.5 770 1.21 558 212 563 12.4 
28.0 830 1.32 656 17U 15.2 
2.8 83 83 2.1 SU 
0 2.7 86 — — 86 0 l.X H7 
2.9 89 — — 89 1.7 70 
5.1 175 .20 21 15^ 3.1 127 
go 5.3 185 .22 2h 161 56 ^.3 170 
8.6 228 .18 25 203 ^.7 185 
10.1 31U I.3I+ 252 62 6.1 2U0 
320 7.2 •23h 1.37 208 46 225 5.0 210 
8.3 273 I.3U 219 3k U.U 191 
8.8 307 1.37 258 I19 
39U 
6.1 277 
560 9.3 315 1.57 296 19 6.5 287 
9.6 328 1.56 306 22 8.1 3O8 
9.3 353 1.59 336 17 
563 
9.0 U22 
800 10.0 369 1.5^ 3U0 29 7.1 32k 
10.3 38I 1.55 354 27 7.7 382 
6 wks, period < 

6 wkB. period of growth 5 wkB» period of ffrotrth 
irjr wt. Hltroigen N adds. Dry wt. Nltrogea 
>f 2nd. Total From From air in 5 wks. of 3rd. Total From {| mg./pot atom f) fert. & gravel mg./pot cutting mg./pot atom ^ fert. 
c./pot excess mR./pot niK./pot K./pot excess niff./pot 
Sweet Clover 
13.8 - J .  MM MM MM 15.7 601 1.16 4I8 
12.4 MM ~ 550 • 12.4 558 1.49 498 
15.2 — -- — 15.5 629 1.25 471 
Birdafoot i Trefoil 
2.1 S^! MM 84 4.8 l46 MM 
l.X 47 47 0 4.2 132 —• — 
1.1 70 70 4.5 152 • 11 — 
3.1 127 .U7 35 91 9.3 280 .39 65 
4.3 170 .34 35 135 55 7.6 245 .42 62 
^+.7 185 .34 38 1H7 9.2 26s .34 55 
6.1 2HO .86 12U 116 11.8 373 .98 219 
5.0 210 1.32 166 220 8.1 27s 1.32 220 
H.U 191 1.35 151^ 37 9.7 300 1.30 233 
6.1 277 1.53 254 23 10.7 380 1.59 362 
6.5 287 1.61 277 11 385 I4;.7 445 1.57 418 
g.i 3O8 1.U5 267 Hi l4.8 472 1.47 4l6 
9.0 U22 1.63 hi2 10 12.7 453 1.59 431 
7.1 324 1.62 3IH 10 550 14.4 521 1.55 484 
7.7 382 1.56" 357 25 12.1 483 1.55 448 

6 wka, period of growth 22 wks,. period of growth 
y wt. 
3rd. 
tting 
/pot 
Nitrogen Dry wt, 
of roots 
g./pot 
Nitrogen 
Total 
mg./pot atom 
excess 
From 
fert. 
raff./pot 
From air 
& gravel 
mp;. /pot 
Total 
mg./pot atom ^  
excess 
From 
fert. 
mg./pot 
From air 
& gravel 
mg./pot 
5.7 601 1.16 ^18 183 17.8 H20 1.03 250 l6l 
.2A 55S I.U9 U98 60 10. 296 1.36 2^1 55 
•5.5 629 1.25 ^71 158 IU.6 33^ 1.13 226 108 
U.8 1H6 1U6 2.8 95 95 
U.2 132 0mwm — 132 2.U 70 — ~ 70 
^.5 152 — — 152 2.6 89 ~ 89 
9.3 280 .39 65 215 5.0 170 .32 33 137 
7.6 2U5 .U2 62 183 ^.5 133 -.3^ 31 122 
9.2 26s .3^ 55 213 6.6 207 .27 33 17^^ 
11.8 373 .98 219 15U 9.1 237 .7^ 105 132 
8.1 27s 1.32 220 5S 6.2 178 1.15 123 55 
9.7 300 1.30 233 67 ^.7 160 1.11 106 5U 
10.7 380 1.59 362 18 6.6 193 1.21 lUo 53 
IH;,7 UU5 1.57 UI8 27 U.l 1.50 128 15 
lU.g U72 I.U7 hie 56 3.7 1U6 1.50 131 15 
12.7 H53 1.59 U31 22 3.6 lUo 1.60 I3H 6 
lk,k 521 1.55 37 ^.5 169 1.5^ 156 13 
12.1 U83 1.55 UH8 35 5.2 166 I.5U 153 13 
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7able 26. Yield and nitrogen cor 
and In association wil 
supplied with varying 
Crops 0 mg, N adds. 5^8 nv;. N odds. 
combination in 7 wka. in 7 wks. 
Bry wt. Bitrogen i>ry wt. Hitrogon 
of tops Total From From air of topa Total Froi 
g./pot rag./pot atom $ fert. & gravel g./pot mg./pot atom $ ferl 
excess mg./pot ag./pot excesa nij^.y 
Alfalfa alone 17.7 735 735 23.2 , 898 .355 195 
l6.g 696 696 22.3 670 — 
Alfalfa with 12.U UUs hks 7.6 3U1 .635 13! 
brome graso 13.5 U93 H93 12.1 HHo .355 9" 
Brome grass 1.0 lU lU 12.5 213 1.U05 18' 
alone .9 11 K 11 9.2 172 — 
Brome grass 
.5 7 7 6.0 167 1.U25 lUi 
with alfalfa .6 g g 6.8 180 1.U25 l6( 
Soybean alone 17.5 660 660 23.2 1012 .U55 28 
18.9 689 689 25.0 999 — — 
Soybean with 21.2 900 — goo 22.7 1053 .215 iH: 
fiudan grass l6.o 615 615 21.U 991 .335 20 
Sudan grass 1.2 12 12 21.7 22U i;U75 201 
alone 1.1 10 10 19.9 210 . — — 
Sudan grass .6 g g ll.k 102 I„4I5 91 
Kith soybean 
.7 9 9 6.3 7^ 1.355 6 

Eixxd nitrogen content in tops and roota of leguminous crope and gr'iaBOO grown nlone, 
i fiasociation with each other. The plants were grown in solution cultures in grovel 
.ed. with varying levels of fertiliser nitrogen. 
>S ing. H adds. 539 '''g* ^ adds. 0 mg. I< add 
in 7 wka. in 7 w^b. In 7 >^^8. 
Kitrogea ; Bry vt, Kltrogen Dry vft. N co 
Prom Prom air of tops Total Ni5 Prom From air of roots rag./ 
atom ^  fert. gravel g./pot mg./pot atom % fert. gravel g./pot 
excess fflff./pot mg./pot excess rag./pot mg./pot 
.355 199 699 20.1 7U0 .6U5 297 UUU 10.2 22 
— — 2U.g 867 •— — — 9.9 22 
.635 135 206 11.5 U06 .725 183 223 3.3 IC 
.355 97 3U3 13.9 509 .»415 132 377 3.U IC 
I.U05 187 36 10.8 3I8 1.525 302 16 .8 
— 
— 
— 12.1 33^ — — — .6 
I.U25 lUB 19 6.8 191 1.^55 173 18 .k . 
1.U25 160 20 8.7 230 1.455 209 21 .U -
.U55 2S7 725 35^^ 1172 .605 Ult2 730 H.U ( 
— — U0.9 1182 — — — k.l 1( 
.215 lUl 912 35.2 1679 .375 392 1287 3.U 1( 
.335 ?07 78U 38.3 1597 .335 333 126U '3.1 ( 
I;HT5 206 18 21.U 235 1.U25 209 zk .5 
. — 
- - - - 23.3 258 — — — .6 
1„J+15 90 12 6.2 63 1.3S5 5U 9 .3 
1.355 63 11 8.8 81 1.^75 7U 7 .U 

s crops and gr^iiSBRB growa alone, 
Q in solution cultures In gravel 
39 nis. II addB. 0 mg. H adds. 309 ms . K adds. 539 ag­ N adds. 
in 7 wkB. in 7 wka. In 7 wk8. in 7 wka. 
Ni trofc^tt Dry wt. N content Dry wt. K content Dry wt. 11 content 
Ni5 From From air of roots mg./pot of roots m^^./pot of roots las./pot 
atom i> fert. Be gravel ff./pot g./pot g./pot 
excess rag./pot rag./pot 
.6U5 297 UUU 10.2 232 11.1 283 16.3 his 
— — 
•— 9.9 221 11.0 263 15.9 U07 
.725 183 223 3.3 102 3.2 ICS 7.U 189 
.>415 132 377 107 3.0 100 9.0 22U 
1.525 302 16 .8 S 11.1 108 10.1 83 
— 
— 
— .6 7 7.1 73 9.8 86 
1.^55 173 18 3.Ji 3S ;»3 
1.U55 209 21 .U —- 3.5 m k.k Ug 
.605 UU2 730 U.U 97 u.u 98 5.9 152 
— — — 
U.l 107 U.2 109 s.s 205 
.375 392 1287 3.k 102 U.2 110 ^.9 132 
.335 333 126»^ 3.1 93 3.U 100 5.8 136 
1.U25 209 2U .5 7 3.9 38 5.3 71 
— — — 
.6 7 3.8 37 5.1 7»^ 
1.385 5U 9 .3 2.U 16 l.U 12 
l.»»75 7U 7 .U 1.5 13 1.8 16 

Table 27* TieId and nitrogen content in top and roots of the grasses. The plants 
were grown in solution cultures in gravel, supplied with varying levels 
of fertilizer nitrogen. 
10 ttks, of grottth 6 wks. of growth 6 wks. of growth 22 wks. of growth 
N adds. Dry wt. Total N N adds. Dry wt. Total N N adds. Dry wt. Total N Dry wt. Total N 
in 6 uks , of 1st. content in 5 vks. of 2nd. content in 5 vks. of 3rd. content of roots content 
mg./pot cutting mg./pot mg./pot cutting mg./pot mg./pot cutting mg./pot g./pot mg./pot 
g./pot g./pot g./pot 
Sudan grass 
X 1.1 9 .2 — .2 __ .9 
0 1.2 10 0 1.3 ~ 0 .5 — .8 k t-
1.1 9 1.2 .3 — .8 h ^ 
11.0 65 2.8 U3 U,7 56 7.7 h5 
80 10.3 62 80 3.6 la 55 U.3 U8 8.1 U9 
10.1 68 3.3 Uo U.8 52 6.2 36 
U9.9 269 lli.O 162 12.0 176 21.0 151 
320 lil.l 279 225 I3.U 161 220 13.2 170 22.2 159 
U3.2 282 13.7 160 10.7 166 15.0 iU5 
58.3 U3I 26.5 313 19.0 319 30.7 237 
560 U6.7 U27 39U 19.0 3IU 385 15.0 290 25.I4 218 
60.2 U21 20.3 327 15.5 287 25.6 216 
65.7 572 33.5 h66 13.2 318 22.3 2U1 
800 63.3 510 563 31.9 h3h 550 17.2 UOl; 30.0 327 
62.1 Ii8U 32.5 lih2 18.9 ii59 27.2 288 
Table 27. (Continued) 
10 «ks. of growth 6 wks. of growth 6 wks. of growth 22 wks. of growth 
H adds. Dry wt. Total N N adds. Dry wt. Total W K adds. Dry wt. Total N Dry wt. Total N 
in 8 wks, of 1st, content in ^ wks. of 2nd. content in 5 wks. of 3rd, content of roots content 
mg./pot cutting mg./pot mg./pot cutting mg./pot mg./pot cutting mg./pot g./pot mg./pot 
g«/pot g./pot g./pot 
Orchard grass 
.7 8 .1 — .5 • — 2.0 8 
0 1,2 10 0 • 3 — 0 .5 — 1.8 7 
1.1 10 .2 •ew .U — 1.8 6 
2,6 55 2.0 39 2,2 52 5.3 I4I 
80 2.7 6i 56 2,3 38 55 2.6 52 5.5 U3 
2.5 62 1.9 3U 2.5 56 6.5 51 
8.1 228 2.0 176 8,0 220 9.5 100 
320 9.8 2h9 225 8,0 185 220 9.8 235 9.7 105 
9.7 237 7.3 170 9.0 230 10,2 no 
10,5 396 11,0 30U 12.9 386 10,8 113 
$6o 10.9 389 39U 10.8 329 385 12.1 356 12.5 128 
9.8 li02 10,2 38U n.U 350 10.0 103 
11,8 hQh 11.2 h97 13.3 UU6 9.2 121 
800 12.6 U80 563 10,7 693 550 12.3 U53 6.7 91 
17.6 556 12,8 $h3 114,8 Ii66 15.7 161 
Table 27* (Continued) 
10 wks> of growth 6 wks. of growth 6 wks. of growyi 22 wks« of growth 
N adds. bry wt. Total N adds. Dry wt. Total N ^ adds. Dry wt. Total N Dry wt. Total W 
in 8 Hks# of 1st, content in 5 wks. of 2nd. content in 5 wks. of 3rd. content of roots content 
ng'/pot cutting mg./pot mg./pot cutting mg./pot mg./pot cutting mg./pot g./pot mg./pot 
g»/pot g./pot g./pot 
Broiae grass 
1.0 8 .1 .9 —1 2.U 9 
0 .9 8 0 .2 — 0 .3 — .9 6 
1.2 10 .2 — .h — .7 U 
3.1 58 2.1 35 2.3 ii5 5.5 145 
80 3.7 51; 56 2.6 Uo 55 2.5 hd 5.0 li3 
3.3 69 2.U k2 2.3 U3 5.5 li2 
12.0 230 9.2 215 9.2 209 9.6 126 
320 10.3 203 225 8.6 217 220 7,U 189 13.ii iia» 
10.6 212 8.2 198 8.2 20U 11.6 136 
13.2 U28 10.9 378 8.5 275 10.1 13lt 
560 llj.O lil6 39h 7.8 325 385 10.1 33li 9.2 132 
16.0 h66 11.6 3h2 10.3 336 13.2 158 
lh.2 531 12.0 392 10.9 U19 10.U 162 
800 16.0 557 563 11.7 385 550 9.7 liU 6.7 137 
15.9 550 11.8 1;1»7 10.0 lj29 8.2 138 
los 
Table 28. Held and total nitrogen content in the tops of 
the first cutting of the grasseso The plants 
were grown in soils of varying fertility levels. 
Soils 
Sudan grass Orchard grass Brome grass 
Dry wt, 
tops 
g./pot 
N 
content 
mg./pot 
Dry wt, 
tops 
g./pot 
N 
content 
mg./pot 
Dry wt, 
tops 
g./pot 
N 
content 
mg./pot 
Clyde U7,2 U56 IU.2 391 10.3 360 
U6.6 U07 IU.7 380 13.2 U2I 
U2.3 ilu8 lit .3 377 13.5 U27 
Clinton 28.8 293 10.2 238 8.6 237 
27.3 285 12.1 275 8.9 21x6 
32.7 307 13.1 293 8.3 261 
Muscatine 30.0 285 10.2 237 7.U 225 
29.1 253 9.9 253 6.9 219 
28.7 262 10 .U 230 8,8 235 
Manona 2U.6 195 8.5 175 6.8 213 
27.0 210 8.7 185 8,0 213 
25.1 201 8.2 181 7.9 205 
Haig 17.6 195 6.U 172 5.8 180 
16 .li 202 6.6 15I4 6.7 190 
17.0 212 6.7 168 6.3 152 
Fayett 15.5 177 5.3 1U7 5.2 15U 
15.8 209 5.2 138 5.U 168 
15.0 195 6,0 i5H 5.2 161 
Tain tor 11.1 205 h.6 136 U.7 1U5 
IU.2 182 5.2 lUo U.9 157 
11.5 1U9 U.9 131 U.6 1U7 
Webster 19.2 160 5.3 138 5.8 161 
17.6 150 6.9 ilt5 5.6 158 
16.2 162 5.1 127 5.3 156 
Hahaslca ll.U 11J3 U.7 132 U.o n9 
12.0 150 I4.5 129 h.3 1U5 
11.2 lU5 U.2 116 U.l 121 
Edina 16.0 129 5.9 127 U.6 127 
17.1 12U 5.U 125 U.8 I3U 
II1.6 136 5.6 131 U.2 122 
106 
Table 20. (Continued) 
Sudan grass Orchard grass Broma grass 
Bry wt, N Dry wt, N Dry wt» N 
Soils tops content tops content tops content 
g./pot mg./pot g./pot mg./pot g./pot mg./pot 
Oarrington 13.3 155 3.9 115 3.U 113 
9.U 127 U.2 118 U.U lUU 
9.8 U5 3.6 108 U.2 139 
Nicolett 11.2 9U 3.8 102 U.l 126 
11.1 109 U.o 106 3.6 115 
11.6 106 3.U 100 3.U 111 
Clarion (1) 9.3 89 U.1 102 U.3 106 
6.8 85 U.2 107 U.2 101 
12.9 llU 3.7 96 U.o 99 
Clarion (2) 5.2 50 2.2 56 2.0 U8 
U.5 U6 2.0 51 2.2 51 
U.2 U6 2.U 57 1.9 UU 
Table 29. The yield and nitrogen content in tops of second and third cuttings of the 
grasses. The plants were grown in soils of varying fertility levels. 
Sudan grass Orchard grass Brome grass 
Held Total N Yield Total W Xield Total N 
Soils U m 11 & III content H in II & III content 11 Hi II & III content 
g»/pot g./pot g«/pot mg./pot g./pot g./pot R./pot mg./pot g./pot g./pot g./pot ag./pot 
Clyde ll.l 5.9 10.0 101.0 2.6 5.2 7.8 106.8 2.5 2.3 U,8 106.1 
7.8 7.0 lii.8 139.1 2,3 5.5 7.8 109.2 U.2 3.6 7.8 131.5 
5.0 5.U 10,U 91.5 2.I1 6.6 9.0 108.9 U.6 3.9 8.5 1U6.8 
Clinton 2.9 it.O 6.9 99 .U 2.7 l.o 6.7 119,3 2.6 1.9 U.5 98.2 
2.U 3.5 5.9 77.3 2.U U.o 6.U 117.1 2.8 1,8 U.6 102.7 
ij.O 5.6 9.0 93.1 2.2 U.U 6.6 118.8 2.7 2.U 5.1 ioo,U 
Huscatine 2.5 5.9 8.1; 97.U 2.0 U,o 6.0 nU.o 2.3 2.8 5.1 103.0 
2.3 6,1 6,U 101.6 2.2 5.2 7,h 113.2 2.6 2.9 5.5 109,5 
2.1 5.7 7.8 110,0 2.6 5.6 8.2 1U6.0 2.0 2.U U.U 96.U 
Manona 1.9 U.l 6.0 63.6 1.9 3.3 5.2 85.8 2.0 1.7 3.7 62.9 
1.7 Uili 6.1 72.6 2.5 3.9 6.U 89.6 1.7 1.7 3.U 58.5 
1.7 U.o 5.7 67.8 2.2 3.1 5.3 8U.8 2.1 2.0 U.l 63.1 
Haig 1.5 U.2 5.7 57.6 3.8 U.o 7.8 156.U 2.8 2»<i 5.2 llU.2 
2.1 U.2 6.3 63.0 3.2 U.l 7.3 139 .u 3.0 2.U 5.U 106.6 
3.6 6.1 9.7 I15.U 3.3 5.9 9.2 160.9 2.8 2.3 5.1 113 .U 
Fayett 1.7 li.3 6.0 73.2 2.7 5.3 8.0 119.0 3.0 2.6 5,6 105.1 
1.5 li.2 5.7 6li.U 2.3 3.0 5.3 125.0 3.1 2.U 5.5 105.2 
1.3 3.8 5.1 65.3 3.7 U.9 8.1 120.9 2.8 2.U 5.2 108.2 
Table 29• (Continued) 
Sudan grass Orchard grass Brome grass 
Bild Total N Held Total N Held Total N 
Soils H In II & III content H Hi II & ni contsnt Tl III II & III content 
g./pot g./pot g»/pot mg,/pot g./pot g./pot g./pot mg./pot g«/pot g«/pot g./pot mg,/pot 
Taintor 1.9 3.6 5.5 60.0 1.1 2.3 3'h 59.5 1.1 2.1 3.3 6U.U 
1.5 3.7 5.2 53.U 1.3 2.3 3.6 57.2 1.3 1.6 2.9 53.U 
l.U 3.U U.8 5U.2 1.1 2.5 3.6 55.6 1.U 1.5 2.9 53.U 
Webster 1.9 ii.l; 6.3 75.0 1.8 2.9 li.7 77.6 2.5 1.9 u.u 83.6 
1.2 3.3 U.5 U5.9 1.3 3.U li.7 72.U 2.2 2.0 U.2 79.U 
l.ii U.3 5.7 66.1 1.5 2»h 3.9 67.0 1.8 .1.8 3.6 82.1 
Hahaska 2.3 5.1 7.U 80.7 2.6 3.6 6.2 118.0 2,0 1.9 3.U 85.3 
2.2 2.8 5.0 71.0 3.5 U.o 7.5 128.5 1.8 1.8 3.6 78.1 
2.0 2.9 I4.9 6Ii.2 2.3 2.9 5.2 loU.o 1.9 2.0 3.9 78 ,U 
Edina 1.3 3.5 I1.8 U9.U 1.6 2.1 3.7 71.8 1.2 l.U 2.6 55.6 
1.U 3.3 5U.1 1.3 2.U 3.7 70.3 1.3 1.5 2.8 5U.9 
2»h 3.8 6,2 63.9 1.7 2.3 U.o 75.2 l.U 1.2 2.6 58.2 
Carrington 2.9 3.9 6.8 85.0 2.U 3.3 5.7 105.6 2.1 2.2 U.3 77.8 
2.1 6.5 95.1 2.6 3.0 5.6 107.8 2.3 2,0 U.3 99.2 
2.0 3.8 5.8 90.5 2.7 3.3 6.0 112.8 2.2 2.8 5.0 306.5 
Nicolett 1.5 3.2 ii.7 1*8.9 1.6 1.8 3.ij 61.7 1.2 1.3 2.5 52.0 
1.3 3.1 I1.U U7.1 1.1 2.6 3.7 60.9 l.U 1.5 2.9 63.8 
1.2 2.9 U.l ii3.5 2.0 2.8 U.8 85.U 1.3 1.5 2.8 66.U 
Clarion (1) 1.8 3.0 li.8 72.0 2.9 3.3 6.2 112.1 1.7 1.1 2.8 65.2 
.6 2.1 2.7 J4I.0 1.8 U.o 5.8 106.6 1.3 1.6 2.9 56.6 
1.2 2.7 3.9 62.8 1.3 2,k 3.7 89.5 2.8 1.7 U.5 9U.5 
Tabls 29. (Continued) 
Sudan grass Orchard grass Brcme grass 
Yield Total N Yield Total N field Total N 
Soils II III II & III content li m II & III content 11 HI H & III content 
g./pot g./pot g./pot mg./pot g./pot g./pot g»/pot mg./pot g./pot g«/pot g./pot mg./pot 
Clarion (2) 1.1 1.9 3.0 30.3 .6 1.3 1.9 28.5 1.0 .8 1.8 25.1i 
1.6 1.6 3.2 3li.6 1.2 1.1 2.3 33.b l.U .9 2.3 32-2 
1.3 l.U 2.7 29.7 1.0 1.6 2.6 37.U 1.2 1.0 2.2 30.U 
o <0 
